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PREFACE 

The extension phase o f  t h e  O r b i t a l  Se rv ice  k d u l e  (OM) Systems Analysis  Study 

was conducted t o  f u r t h e r  i d e n t i f y  Power Extension Package (PEP) system con- 

c e p t s  which would i n c r e a s e  t h e  e l e c t r i c a l  power and mission d w a t i o n  

c a p a b i l i t i e s  o f  t h e  S h u t t l e  O r b i t e r .  Use o f  s o l a r  a r r a y  power to  supplement 

t h e  O r b i t e r ' s  f u e l  ce l l / c ryogen ic  system w i l l  double t h e  power a v a i l a b l e  t o  

payloads and more than t r i p l e  t h e  a l lowable  mission d u r a t i o n ,  t h u s  g r e a t l y  

improving t h e  O r b i t e r 1  s c a p a b i l i t y  t o  suppor t  t h e  payload needs o f  sortie m i s -  

s i o n s  ( t h o s e  i n  which t h e  payload remains i n  t h e  O r b i t e r ) .  

To e s t a b i i s h  t h e  t e c h n i c a l  and programmatic b a s i s  f o r  i n i t i a t i n g  hardware 

developnent , t h e  PEP concept d e f i n i t i o n  has  been r e f i n e d ,  and t h e  performance 

c a p a b i l i t y  and t h e  miss$-on u t i l i t y  o f  a r e f e r e n c e  des ign  b a s e l i n e  have been 

examined i n  depth .  Iks ign  requiret.. . n t s  and suppor t  c r f  twi a s p e c i f i c a t i o n s  

have been docmented , and e s s e n t i a l  i ~ ~ ~ p l e m e n t a t i o n  p lans  have been prepared.  

Supporting t r a d e  s t u d i e s  and ana lyses  have been completed . 
The s t u d y  r e p o r t  c o n s i s t s  o f  12 docunents:  

Volune 1 Executive Summary 
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S e c t i o n  1 

INTRODUCTION 

me e x t e n s i o n  phase o f  t h e  O r b i t a l  S e r v i c e  Hodule (OSH) System A n a l y s i s  S tudy 

was a 7-1/2 month s t u d y  f o r  cont inued developnent  o f  e n g i n e e r i n g  and program- 

mat ic  d a t a  i n  s u p p o r t  of t h e  NASA-Johnson Space Center  Power Extens ion  Package 

(PEP) P r o j e c t .  The s t u d y  c e n t e r e d  on d e t a i l e d  PEP d e s i g n  d e f i n i t i o n  to s u p p o r t  

Space T r a n s p o r t a t i o n  System (STS) c a p a b i l i t y  e v a l u a t i o n  i n  a manner t h a t  is 

r e s p o n s i v e  to NASA m i s s i o n s  and r equ i r emen t s .  

The schedu le  and key m i l e s t o n e s  f o r  t h e  10 s t u d y  t a s k s  a r e  shown i n  F i g u r e  

1-1. Design D e f i n i t i o n ,  Task 1, provided PEP sys t em end subsystem p r e l i m i n a r y  

d e s i g n  f o r  t h e  f l i g h t  and ground equipment. The d e s i g n  reflected t h e  r e s u l t s  

o f  Task 2, which c o n s i s t e d  of 21 s e p a r a t e  s u p p o r t i n g  a n a l y s e s  and t r a d e s .  

Tasks 3, 4, and 5 ,  Suppor t ing  Analyses ,  d e f i n e d  s u p p o r t  r e q u i r e m e n t s ,  provided 

o p e r a t i o n s  a n a l y s e s  and t r a d e s ,  and a s s i s t e d  PEP s u p p o r t i n g  t echno logy  a c t i v i -  

1 J AN I FEB 1 MAR I AP!? 1 MAY I J UN I JUL I AUG I 

I DESIGN DEFINITION - TASKS 1 AND 2 1 
[SUPPORTING ANALYSIS - TASKS 3 . 4 ~ ~ 0  5) 

I INTERFACE ACTIVITIES - TASK 6 I 
I PROGRAM PLANNING - TASK 7 AND 8 I 

I USER REQU l REMMENTS - TASKS 9 AND 101 

INTERFACE FREEZE DESIGN FREEZE AND FINAL FINAL 
I 

INTERIM REVIEW 

DEFINITION AND 

Figure 1-1. PEP Detail Definition Phase Schedule and Milertones for 1979 
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ties. O u t p u t s  o f  t h e s e  t a s k s  i n c l u d e d  t h e  Envi ronmenta l  S p e c i f i c a t i o n ,  P r o d u c t  

Assurance  S p e c i f i c a t i o n ,  L o g i s t i c s  P l a n  R e q u i r e m e n t s ,  T r a i n i n g  P l a n  Require-  

m e n t s ,  and PEP o p e r a t i o n s  s u p p o r t  m a t e r i a l .  

PEP f u n c t i o n a l  and p h y s i c a l  i n t e r  f a c e s  w i t h  t h e  remote m a n i p u l a t o r  s y s t e m  

(RMS) , t h e  O r b i t e r ,  and t h e  s o l a r  a r r a y  were d e f i n e d  i n  Task 6,  I n t e r f a c e  

A n a l y s i s .  

D e s i a n ,  d e v e l o p n e n t ,  and t e s t i n g  were p lanned  i n  Task  7, and t h e  PEP Program 

P l a n  was upda ted  i n  Task 8. 

Task 9 upda ted  per formance  r e q u i r e m e n t s  imposed upon PEP t h r o u g h  i n v o l v e m e n t  

o f  p o t e n t l a l  u s e r s .  A p z r a l l e l  o b j e c t i v e  e v a l u a t e d  t h e  PEP d e s i g n  from a u s e r  

s t a n d p o i n t .  Task 10 i n c l u d e d  a n a l y s i s  t o  s u p p o r t  t h e  PEP d e s i g n  and t h e  pro- 

gram compar i son  a n a l y s i s  t h a t  e v a l u a t e d  and compared PEP program o p t i o n s .  

1.1 PEP MISSION REQUIREMENTS 

PEP m i s s i o n  r e q u i r e m e n t s  a r e  summarized i n  T a b l e  1-1 and d i s c u s s e d  i n  d e t a i l  

i n  S e c t i o n  2. The r e q u i r e m e n t s  were d e r i v e d  d u r i n g  t h e  o r i g i n a l  s t u d y  f o r  t h e  

S p a c e l a b  sortie m i s s i o n s  s c h e d u l e d  i n  t h e  October  1977 STS M i s s i o n  Model. Dur- 

i n g  t h e  e x t e n s i o n  p h a s e  o f  t h e  s t u d y ,  t h e  r e q u i r e m e n t s  were expanded t h r o u g h  

T a b l e  1-1. PEP M i s s i o n  R e q u i r e m e n t s  

Item Requirement  

M i s s i o n  

Launch s i te  

IN 

Power l e v e l  

Power t y p e  

D u r a t i o n  

I n c l i n a t i o n  

A l t i t u d e  

O r i e n t a t i o n  

A c c e l e r a t i o n  

RM S 

S h u t t l e  sor t ie  m i s s i o n s  

I n t e g r a t i o n  and l a u n c h  from E a s t e r n  T e s t  
Range (ETR) o r  Western T e s t  Range (WTR) 

1983 

2 9  kW 

28V r e g u l a t e d  to O r b i t e r  b u s  

20 d a y s  m i n i m m  a t  21 kW and 55-deg i n c l i n a t i o n  

28.5 t -  104 deg 

100 t o  6 0 0  rn 

A l l  a t t i t u d e  

No d e g r a d a t i o n  o f  O r b i t e r  low-g c a p a b i l i t y  

No i m p a c t  on pay load  u s e  when PEP is n o t  
dep loyed  



1: the addition of other mission models and the resu l t s  were reviewed with 

specif ic potential users. 

- 
The general requirement for PEP is to retain or increase current Orbiter capa- 

b i l i t y  while increasing available power and mission duration. General program 

guidelines include minimun impact to the Orbiter for scar and accommodations 

and retention of the RMS usefulness in its primary mode. Solar array concepts 

are t o  be based on NASA-developed solar e lec t r i ca l  power (SEP) technology and 

commonality features are to  be preserved for future related missions ( i .e . ,  

SEP and Power Module). 

1.2 REFERENCE PEP DESIGN 

The reference PEP design is shown i n  Figure 1-2 i n  terms of major hardware 

elenents. Section 3 discusses the PEP system and subsystem designs i n  de ta i l .  

The PEP i s  a solar e lec t r i ca l  power generating system to  be used on the Shut- 

t l e  Orbiter to  augment its power capabil i ty and t o  conserve fuel c e l l  

crycgenic svpplies, thereby increasing power available for payloads and 

POWER REGULATION AND CONTROL ASSEMYLY 
VOLTAGE REGULATORSICOLD PLATES 
SHUNT REGULATORS 
POWER DISTR I BUTIONICONTROL 
SUPPORT STRUCTURE 

ARRAY DEPLOYMENT / _ 
ASSEMBLY 0' 

ARRAYS AND CONTAINERS 
MASTSICANI STERS 
G IMBALlSLlP RINGSIGRAPPLE 
SUN SENSOR A M  CONTROLS 
INSTRUMENTATION 

0 CORE STRUCTURE 

Figure 1-2. PEP System 

CABLE 
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a l l o w i n g  i n c r e a s e d  m i s s i o n  d u r a t i o n .  T h i s  improvement c a n  b e  s e e n  i n  F i g u r e  

1-3, which g i v e s  c a p a b i l i t y  t o r  c r y 0  t a n k s  a l o n e  and w i t h  PEP. H i s s i o n  dura -  

t i o n s  o f  20 d a y s  can  be o b t a i n e d  f o r  7-kW power l e v e l s  t o  t h e  p a y l o a d ,  17 d a y s  

for 15-kW payload  power. L a r g e r  d u r a t i o n s  c a n  b e  o b t a i n e d  f o r  h i g h e r  i n c l i n a -  

t i o n s ;  for example ,  a m i s s i o n  o f  48 d a y s  a t  15-kw pay load  p w e r  l e v e l  c a n  be 

o b t a i n e d  when t h e  pay load  is launched  w i t h  a 97-deg i n c l i n a t i o n .  

When r e q u i r e d  f o r  a sort ie m i s s i o n ,  PEP is e a s i l y  i n s t a l l e d  w i t h i n  t h e  O r b i t e r  

c a r g o  bay a s  a miss ion-dependent  k i t .  When t h e  o p e r a t i n g  o r b i t  is r e a c h e d ,  t h e  

PEP s o l a r  a r r a y  package  is  dep loyed  from t h e  O r b i t e r  b y  t h e  RMS. The s o l a r  

a r r a y  is t h e n  ex tended  and o r i e n t e d  toward t h e  s u n ,  which it t r a c k s  u s i n g  a n  

i n t e g r a l  sun s e n s o r / g i m b a l  sys tem.  The power g e n e r a t e d  by t h e  a r r a y  is c a r r i e d  

b y  c a b l e s  on t h e  RMS b a c k  i n t ~  t h e  c a r g o  bay ,  where  it is p r o c e s s e d  and d i s -  

t r i b u t e d  by  PEP t o  t h e  O r b i t e r  l o a d  b u s e s .  After t h e  m i s s i o n  is c o m p l e t e d ,  t h e  

a r r a y  is r e t r a c t e d  and r e s t o w e d  w i t h i n  t h e  O r b i t e r  f o r  e e r t h  r e t u r n .  

The PEP s y s t e m ,  which c o n s i s t s  o f  two major  a s s e m b l i e s  -- t h e  a r r a y  dep loyment  

a s s e m b l y  ( A D A )  and t h e  power r e g u l a t i o n  and c o n t r o l  a s s e m b l y  (PRCA) -- p l u s  

t h e  n e c e s s a r y  i n t e r f a c e  k i t .  It is n o m i n a l l y  i n s t a l l e d  a t  t h e  f o r w a r d  end o f  

0 6 12 18 24 30 
DURATION (DAYS)  

Figure 1-3. PEP Performance Bandits 55 D q  X 220 NM 
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t h e  & b i t e r  bay above t h e  Spacelab tunne l ,  bu t  can be loca ted  anywhere wi th in  

t h e  cargo bay if necessary.  The ADA, which is deployed, c o n s i s t s  of two l i g h t -  

weight,  f o l d a b l e  s o l a r  a r r a y  wings with t h e i r  containment boxes and deployment 

masts,  tw diode assembly in te rconnec t  boxes, a sun t r a c k e r / c o n t r o l /  

i n s t r u n e n t a t i o n  assembly, a two-axis g imba l / s l ip  r i n g  asseab ly ,  and t h e  RMS 

grapp le  f i x t u r e .  A l l  t hese  items a r e  moulted to a support  s t r u c t u r e  t h a t  

i n t e r f a c e s  with t h e  (Xbi te r .  The PRCA, M i c h  remains i n  t h e  @biter ca rgo  bay, 

c o n s i s t s  3f s i x  pulse-width-modulated vo l tage  r e g u l a t o r s  mounted to three co ld  

p l a t e s ,  t h r e e  shunt r e g u l a t o r s  t o  p r o t e c t  t h e  O r b i t e r  buses *an overvo l tage ,  

and a power d i s t r i b u t i o n  and c o n t r o l  box, a l l  momted t o  a suppor t  be= t h a t  

i n t e r f a c e s  with t h e  Orb i te r .  

PEP is  compatible with a l l  current ;  y def ined miss ions  and payloads and imposes 

min im1 weight and volune p e n a l t i e s  on t h e s e  miss ions .  It can be i n s t a l l e d  and 

removed a s  needed a t  t h e  launch s i t e  wi thin  t h e  normal Orb i te r  turnarolnd 

cyc le .  



S e c t i o n  2 

MISSION REQUIREMENTS 

The PEP m i s s i o n  r e q u i r e m e n t s   derive^ i n  t h e  b a s i c  s t u d y  h a v e  been r e a f f i r m e d  

and f u r t h e r  d e f i n e d  i n  t h e  e x t e n s i o n  phase .  'Jser power ,  d u r a t i o n ,  and o r b i t  

r o q u i r e m e n t s  h a v e  been t h e  p r i m e  i n f l u e n c i n g  f a c t o r s  on t h e  PEP d e s i g n  and 

were d e r i v e d  i n  t h e  b a s i c  0% s t u d y  f o r  t h e  S p a c e l a b  sortie m i s s i o n s  s c h e d u l e d  

i n  t h e  October  1977 STS M i s s i o n  Model. T h i s  m i s s i o n  model d a t a  was t h e n  

upda ted  i n  t h e  e x t e n s i o n  s t u d y .  The orbit  r e q u i r e m e n t s  were g i v e n  d i r e c t l y  i n  

t h e  model.  The power and d u r a t i o n  r e q u i r e m e n t s  were d e r i v e d  b y  c o r r e l a t i n g  a 

time h i s t o r y  o f  u s e r  ne d s  and d e s i r e s  w i t h  t h e  s c h e d u l e d  m i s s j o n s .  T h e s e  u s e r  

power and d u r a t i o n  n e e d s  were d e r i v e d  from m i s s i o n  p l a n n i n g  s o u r c e s  (i .e. ,  

5-year p l a n s ,  O u t l o o k  f o r  S p a c e ,  recommenda t ions  from u s e r s ,  etc .) . The p w e r  , 
d u r a t i o n ,  and o r b i t  r e q u i r e m e n t s  t h u s  d e r i v e d  for PEP i n  t h e  b a s i c  0% s t u d y  

a r e  summarized i n  F i g u r e s  2-1, 2-2, and 2-3. 

POWER (kW) 

40r 

, ORBITER I14 kWI * 

I 

- ' t i 
I . - 
i 

I 
0 1983--13 1984-20 

I Figure 2-1. Power Requirements-STS Mission Modd (Splcdrb Missions) 



DURATION (DAYS) 

30 40 50 60 70 80 
INCLINATION (DEG) 

Figure 2-3. Altituh ond Inclination RoquiranonW 



The power r equ i r emen t s  o f  F igure  2-1 c o n s i s t  o f  14 kW f o r  O r b i t e r  h o u s e k e e p  

ing  , an assessment o f  1.5 t o  4.2 kk f o r  Spacelab  suppor t  ( i .e., p a l l e t ,  i g l o o ,  

module), pJ.us t h e  power r equ i r emen t s  f o r  t h e  complement o f  pay loads  c a r r i e d  on 

each Spacelab n?fssion. The power needs  were ob ta ined  from knowledge o f  t r ,e  

payload requi rement  o r  by c o r r e l a t i n g  t h e  i d e n t i f i e d  payload wi th  p r o j e c t e d  

user  requi rements  ob ta ined  from t h e  p r e v i o u s l y  mentioned s o u r c e s .  As ,c:an, t h e  

t o t a l s  v a r y  f rom 1 7  kW to 33 kW i n  t h e  first 3 y e a r s .  The sugges ted  d e s i g n  

range  is o v e r l a i d  on t h e s e  r equ i r emen t s ,  c a p t u r i n g  between 75% and 95% of t h e  

1981-to-1983 miss ions .  A 29-kW \ a 1  w accommodates 80% o f  t h e  m i s s i o n s  a s  

d e f i n e d ,  o r  23  o f  t h e  first 29, a f i g u r e  t h a t  would appear  t o  be a proper  bal- 

a x e  between inc reased  c a p a b i l i t y  o f f e r e d  and u t i l i z a t i o n  ove r  a l l  t h e  m i s -  

sior1s. 

In  F iga j re  2-2, t h e  cor responding  miss ion  d m a t i o n  r equ i r emen t s  a r e  shown t o  

va ry  from 5 t o  45 days  i t 1  t h e  f i r s t  3 y e a r s .  The d e s i g n  range  t h a t  accommo- 

d a t e s  65% to 90% o f  t h e  m i s s i o n s  is i n d i c a t  ! by t h e  snaded a r e a .  A nominal 

requirement c a p a b i l i t y  o f  20 days d u r a t i o n  was s e l e c t e d  f o r  d e s i g n  purposes  

a l though  t h e  PEP does  have d u r a t i o n  c a p a b i l i t y  up t o  48 days .  The o r b i t  a l t i -  

t u d e  and i n c l i n a t i o n  r equ i r emen t s  from t h e  October 1977 Mission Model a r e  

shown i n  F igu re  2-3. The r equ i r ed  i n c l i n a t i o n  r anges  from 28.5 deg t o  about  S7 

deg,  wi th  a l t i t u d e  from 150 rm to more t h a t  300 rm. Addi t iona l  b e n e f i t s  would 

be inc reased  i f  i n c l i n a t i o n  r ange  was 28.5 t o  104 deg and a l t i t u d e  r a n g e  was 

increased  100 t o  600 m to be compat ib le  wi th  O r b i t e r .  

During t h e  ex tens ion  phase o f  t h e  PEP s t u d y ,  d u r a t i o n  r equ i r emen t s  were 

f u r t h e r  def ined  ,ild reviewed wi th  s p e c i f i c  p o t e n t i a l  u s e r s .  They inc luded 

v a r i o u s  NASA c e n t e r  personnel  cogn izan t  o f  t h e  paylodd needs  o f  t h e  f i rs t  few 

scheduled Spacelab mis s ions  (SL-1 t h rough  SL-51, t h e  NASA JSC Sc ience  Pane l ,  

and thoso  r e s p o n s i b l e  f o r  miss ion  p lanning  i n  t h e  O f f i c e  o f  Space S c i e n c e s  and 

Of f i ce  o f  Space and T e r r e s t r i a l  A p p l i c a t i o n s .  A summary o f  t h e  i n i t i a l  

Spacolab Mission requi rements  is shown i n  F igu r s  2-4. l n e s e  mis s ions  a r e  cur- 

r e n t 1  y scheduled t o  be accommodated by b a s e l i n e  O r b i t e r .  The common n o t e  for 

ea rh  mission is t h a t  a d d i t i o n a l  energy  (power times d u r a t i o n )  is needed t o  

s a t i s f y  t h e  b a s i c  miss ion  needs  o r  d e s i r e d  t o  more e f f e c t i v e l y  u t i l i z e  t h e  

planned ex per imencal equipment. These d a t a  r e a f f i r m  t h e  needs  f o r  i n c r e a s e d  

power and d u r a t i o n  determined i n  t h e  b a s i c  PEP s tudy .  
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ORBIT PAY LOAD 
- I  

SPACE LAB INCLINATION/ POWER DURATION 
MISSION PAY LOAD ALTITUDE (kW) (DAYS) USER COMMENTS I 

LM AND PALLET 57 DEGI135 NM 6.7 ENERGY SHORT 
WITH 4 TANK SETS 

2 3 PALLETS 57 DEW225 NM 6 9 300 kWh SHORT 
PHYSICS/ WITH 5TH CRY0 SET 
ASTRONOMY CURRENTLY 

OVERWEIGHT I 
3 .  LM AND PALLET 57 DEGr200 NM 7.7 

PROCESSING, LIFE 
SCIENCE EART'-: 
OBSERVATlON 

4 LM-LIFE SCIENCE 28 DEGIIGI! N U  fw 
PALLET-PHYSICS 
AND ASTRONOMY 

5 SM + 3 PALLETS 57 DEGnlG NM TBD 
PHYSICS AND 
ASTRONOMY 

Fiwre 24. Early Sprcdab Mission Requiranants 

8 ENERGY SHORT 
WITH 5 CRYO SETS 

10 DESIRE INCREASED 
POWER, DURATION, 
WEIGHT 

C 

7 WOULD LIKE MORE - 
POWER AND 
DURATION 

Figure 2-5 shows a comparison of t he  mission model data sources ava i lab le  for 

use. The number of f l i g h t s  o r i g i n a l l y  planned for  the October 1977 Mission 

Model have been reduced by Jesse Moore da t a ,  the  F l ight  Assignment Manifest 

( ! 300-0-6~) , and other da ta .  The d i s t r i b u t i o n  of f l i g h t s ,  i n  terms of inclina- 

t ion  and a1 t i t u d e  regimes, r e m a i ~ s  unchanged. PEP m u s t  still  accommodate t he  

f u l l  Orbiter mission regime. 

The above-mentioned contacts  w i t h  potent ial  users resul ted in  more de ta i led  

de f in j  t ion  of how PEP would be used on par t icu lar  missions. For example, the  

Spacelab 4 mission scheduled for  1982 is primarily a l i f e  science mission 

(long module) plus an aft-mounted p a l l e t  for  physics and astronomy i f  t h a t  

experiment could be accommodated. Though t h e  spec i f ic  payload for SL-4 is  now 

being se lec ted ,  candidate areas  shown in Figure 2-6 i l l u s t r a t e  the  advantages 

of a capab i l i t y  for  longer durat ion.  Longer duration (up t o  48 days) would 

allow a more complete s e t  of data  being gathered. The r e l a t i v e  value of longer 

duration in terms of amount of data col lected is shown in Figure 2-7. Some 

types of experimentation show no increase but most show a s ign i f i can t  increase 
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FISCAL YEAR 

10.77 I INCLINATION. 6 8 10 17 20 22 23 22 23 22 23 201 
ALTITUDE. 
SIZE. WEIGHT. 
DURATION 

9 4 2  
ALTITUDE. 
CONFIGURATION 

ORBITER I 1 3 5  
OPTION 1 

Figure 2-5. Mirtion I I P d  Data B.s 

RESEARCH AREA 7-DAY M I S S I O N  38-DAY --- M I S S I O N  

CARD l OVASCULAR ADAPT! M CHANGES ST1 I i STABILIZES I N  LESS 
DECOND l TI  ON1 NG I N  PROGRESS THAN 42 DAYS: ENTIRE 

hlECHANlSM CAN BE 
STUDIED 

BONE DEMI NERALI ZATI  ON DElECTABLE ONLY. CHANGES MEASUREMENTS AT 14. 28. 
STILL 1 N PROGRESS AND 42 DAYS PERMIT 

CORRELATION WITH OTHER 
LOSS FACTORS 

LOSS OF RED BLOOD CELL MASS CHANGES STILL I N  PROGRESS M A X I M U M  I N  20-40 DAYS. 
CAN MEASURE DURING 
'TURNAROUND " PER I OD 

GENETICS LESS THAN ONE FRUIT FLY 14 DAYS FOR EGG TO MATURE 
GENERATI ON ADULT: 2-3 GENERATIONS 

MORPHOLOGY AND DEMLOPMENT DEMLOPMENT ST1 LL I N  PROGRESS - 80% DEMLOPMENT ADEQUATE 
K G . ,  FROG) 10% FOR DEFI N I  lE CaNCLUS IONS 

ON GRAVlTY EFFECTS 

Figure 2-6. Life Sciences Duration Requirements of Spralrb 4 
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PROCESS VARIATION 
WITH TIME 
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// 
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Figure 2-7. Number of Measummnts mdfor Amount of Data In- With Time (Life Science R y w r )  

i n  value as duration capability increases. %ration longer than a nominal 6 

days w i t h  baseline Orbiter is of even more importance when one considers the 

experiment setup, zero-g accantiiodation (sickness), and take-down ac t iv i t i es  

needed chat would take about 1-1/2 days out of the nominal time period. 

A review of tb - .  user requirements for orientation, s tab i l i ty ,  accelerations, 

and cleanliness indicate that  the baseline Orbiter capabil i t ies must be pre- 

served. PEP therefore m u s t  not detract from these capabil i t ies.  



Sec t ion  3 
SYS TEH '.ND SUBSYSTM DESCRIPTION 

3.1 PEP SYSTEM 

3.1.1 System Requirements 

The system requirements to whit: t h e  PEP concept is designed were der ived from 

t h e  mission requirements  d i scus .  ed i n  Sec t ion  2 and summarized below. Deta i led  

requirements a r e  d o c m e n t e j  i n  t h e  systems s p e c i f i c a t i o n .  

Missions 

Launch S i t e  

IOC 

Power Level 

Duration 

I n c l i n a t i o n  

A l t i t u d e  

O r i e n t a t i o n  

Accelera t ion 

RMS Impact 

PEP must be su; t a b l e  f o r  use a s  needed on S h u t t l e  S o r t i e  
miss ions  Ci.e., Spacelab) 

C a p a b i l i t y  of i n t e g r a t i o n  a t  and launch from ETR and UTR 
must b e  mai-ltained 

29 kW r e g u l i t e d  28 V t o  O r b i t e r  bus 

20 days a t  2! kW a t  55-deg i n c l i n a t i o n  (up to 48 days capa- 
b i l i t y  is av d l a b l e )  

28.5 t o  104 deg 

A l l  a t t i t u d e p o i n t i n g  c a p a b i l i t y  f o r  payload bay-mounted 
sensors  w . i l l  be maintained 

PEP w i l l  no t  degrade t h e  low-g c a p a b i l i t y  o f  Orb i t e r  

PEP w i l l  use t h e  RM:; y e t  no:, b.dmper i t s  a b i l i t y  t o  sepa- 
t e l  p s e r v e  pa yloac s a s  nee. ed vhen PEP is not i n  use. -- 

3.1.2 System Performance 

The performance of  PEP, i n  terms of wwer and dura t ion  c a p a b i l i t y ,  is a func- 

t i o n  o f  those  parameters  t h a t  i n f l  2nce t h e  t ime i n  s u n l i g h t  per o r b i t ,  i . e . ,  

i n c l i n a t i o n ,  a l t i t u d e ,  launch,  9 e  of yea r ,  time cf' day, e c c e n t r i c i t y ,  etc. 

The a c t u a l  mission per farmanc t is then dependent upon t h e  s p e c i f i c a t i o n  o f  

t h e s e  parameters.  For i l l u s t r a t i v e  purposes ,  t h e  PEP power/duration c a p a b i l i t y  

is discussed in t h e  following paragra?'.s,  a s  it is a f fec ted  by t h e s e  

parameters.  



The b a s i c  o r b i t  i n c l i n a t i o n  envelope  o f  poue r /du ra t ion  c a p a b i l i t y  f o r  PEP is 

shown i n  F igu re  3.1-1. For an e a s t  l aunch  (28.5-deg i n c l i n a t i o n )  , t h e  d u r a t i o n  

v a r i e s  from 10 t o  19 days  depending on t h e  payload power used.  A t  7 kW (nomi- 

n a l  l e v e l  o f f e r e d  by b a s e l i n e  O r b i t e r ) ,  t h e  d v a t i o n  c a p a b i l i t y  is 12 days .  

T h i s  i n c r e a s e s  w4t.h o r b i t  i n c l i n a t i o n  t o  20 days  a t  55 deg,  27  days  a t  8 0  deg ,  

42 days a t  90 deg ,  and 48  days  a t  97 deg (sull-synchronous). These c a p a b i l i t i e s  

a r e  f o r  fou r  c r y 0  t a n k  sets ( t h e  nominal O r b i t e r  complement) and compares t o  

t h e  5-to-6 day c a p a b i l i t y  o f  t h e  O r b i t e r  wi thout  PEP u s i n g  cryogens  o n l y  f o r  

power. The c a p a b i l i t i e s  g iven  a r e  f o r  a 220-rm a l t i t u d e  and a 3-kW f u e l  c e l l  

i d l e  l e v e l  d u r i n g  t h e  s u n l i g h t  p o r t i o n  o f  t h e  o r b i t .  A t  9 7  deg ,  t h e  o r b i t  is 

i n  f u l l  sun f o r  t h e  48 days  o f  mi s s ion  d u r a t i o n ;  t h e  u s e r  power can then  be  a 

f u l l  15 kW t o  t h e  payload ,  t h u s  t h e  v e r t i c a l  l i n e  on F;gure 3.1-1. b r a t i o n  is 

l i m i t e d  by t h e  cryogen consumption i n  a l l  cases; it is 48 days  a t  sun- 

synchronous us ing  t h e  f u e l  cel ls  a t  t h e  i d l e  l e v e l  on ly .  

The e f f e c t  o f  o r b i t  a l t i t u d e  on PEP c a p a b i l i t y  is shown i n  F i g u r e  3.172. The 

solid l i n e  i n d i c a t e s  t h e  miss ion  d u r a t i o n  c a p a b i l i t y  a s  a f u n c t i o n  o f  a l t i t u d e  

f o r  s e v e r a l  i n c l i n a t i o n s .  assuming a 7-kW payload power load .  The d u r a t i o n  

INCLINATION (DEG) 

0 10 20 30 40 50 

M ISS ION DURATION (DAYS) 

Fipre 3.1-1. PEP Detail Definition Phm Schedule d Milestones in 1979 
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&Ir SUN-SY NCHRONOUS 

I B = (MINI \ 
10 \ 

0 I I I 
40 60 80 100 120 140 160 180 

CfRCULAR ORBIT ALTITUDE (NMI 

Fjgum 3.1-2. PEP Perfonnmcr: Ah E-3-kW Furl Call Idlr, 7-kW P u y l d  Power, Four Cryo Sew 

c a p a b i l i t y  is not a s t rong  funct-ion o f  a l t i t u d e  f o r  t h e  c o n d i t i o n s  shown. The 

dashed-l ine over lay  is t h e  p ro jec ted  Orb i t e r  payload-to-orbit c a p a b i l i t y  a s  a 

func t ion  o f  a l t i t u d e  f o r  i n t e g r a l  OMS c a p a b i l i t y .  The 56-deg wrformance l i n e  

is from ETR, t h e  remaining f iom WTR. Or~i ter  payload c a p a b i l i t y  beg ins  t o  

reduce markedly with a l t i t u d e  a t  t h e  knee o f  t h e  curve ,  where t h e  integ*.al  %S 

t ank  is f u l l  and a l t i t u d e  i n c r e a s e  is then achievml by reducing payload. A 

p l o t  of  t h e  duration-payload c a p a b i l i t y  a t  t h e s e  "kneesw is ?horn i n  Figure  

3.1-3 f o r  miss ions  launched kom WTR. The lowel- l i n e  is  fo r  t h e  projected 

O-b i t e r  c a p ~ b i l i t y  with a Block I1 e x t e r n a l  tank,  some l igh twe igh t  provi- 
I s i o n i n g ,  e t c .  The upper l i n e  is f o r  t h e  JSC 07700, Vol. X I V  c a p a b i l i t y .  From 

t h e  lower l ine,  a 48-day, 97-deg mission a t  170 rm can accommodate 20,000 lb:  

i 
a 23-day, 70-deg mission a t  155 rm can accommodate payloads up t o  36,000 l b .  

t 

For ETR launches ,  40,000 l b  can be accommodated on a 56-deg, 220-nm o r b i t  with 
I 

i a 20-day d u r a t i o n .  

The PEP c a p a b i l i t y  f o r  less than t h e  nominal four cry0 tank s e t s  is shown i n  
! 

i Figure 3.1-4. These d a t a  would be important  f o r  miss ions  t h a t  r e q u i r e  a maxi- 

m u n  payload-to-orbit c a p a b i l i t y .  Such c a p a b i l i t y  would be achieved by 

I - 
conf igur ing  a high-payload Orb i t e r  wi th ,  say ,  o n l y  two cry0 t ank  s e t s .  The 
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O r b i t e r  would then  be a b l e  t o  l i f t  an a d d i t i o n a l  3,300 l b  f o r  a s h o r t  d e l i v e r y  

miss ion  y e t  r e t a i n  t h e  o p t i o n ,  w i t h  PEP, o f  f l y i n g  extended d u r a t i o n  t o  about  

12 days a t  a  55-deg o r b i t .  The miss ion  cou ld  be extended t o  20 days  a t  37 deg. 

PEP performance has  been quoted h e r e  a s  ave rage  power c a p a b i l i t y  f o r  a  mis- 

s i o n ;  however, t h e  use  o f  f u l l  power c a p a b i l i t y  (29 kW w i t h  15 kW f o r  

psj-loads! can be implemented bile i n  t h e  sun p o r t i o n  o f  t h e  o r b i t  w i thou t  any  

d u r a t i o n  pena l ty .  On most d i s s i o n s ,  t h e  time i n  t h e  sun v a r i e s  from about  63% 

t o  100% o f  t h e  time, so t h i s  full-power c a p a b i l i t y  cou ld  be invoked much o f  

t h e  t ime.  In a d d i t i o r , ,  h ighe r  peak-power c a p a b i l i t y  is a v a i l a b l e  by o p e r a t i n g  

t h e  f u e l  cel ls  wi th  t h e  s o l a r  panel  on t h e  d a y l i g h t  p o r t i o n  o f  t h e  o r b i t .  Over 

50 kW cou ld  be supp l i ed  f o r  s h o r t  d u r a t i o n s ,  up t o  1 5  min. Payload wi r ing  and 

c o o l i n g  p r o v i s i o n s  t o  hand le  t h e  i n c r e a s e d  l o a d s  would, be  added i n  k i t   for^. 

The d u r a t i o n  c a p a b i l i t y  is a f f e c t e d  by  time o f  year  because  o f  a v a i ~ a o i :  sun 

a n g l e  r e l a t i o n s h i p s .  F i g u r e  3.1-5 shows t h e  d u r a t i o n  a c h i e v a b l e  w i t h  PEP a s  a  

f u n c t i o n  o f  time o f  year  f o r  v a r i o u s  o r b i t  i n c l i n a t i o n s  f o r  a  2204111 a l t i t u d e .  

A f a v o r a b l e  sun-synchronous c o n d i t i o n  can be achieved any day  of t h e  year .  

97 DEG W N -  
SYNCHRONOUS) 

DEG 

.5 DE 

W E R  TO 
PAYLOAD (kW) 

o I A P ~ I M A Y I J U N I  J u L l w i ~  sEp ~ O c r ~ N o v l D E c  1uN1rEs l u r R (  
LAUNCH DATE 

Figure 3.1-5. PEP Performance - Launch Date Effects Attitude = 220 NM 
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Sols t ice  conditions are most favorable for  28.5-deg and 55-deg o r b i t s  because 

they allow the achievement of high (near 90 deg) Beta angles. Beta angle is 

the  angle between the  sun  l i n e  and its projection 0.1 the  o rb i t  plaae. A t  80 

deg, the so l s t i ce  md equinox conditions are  similar enough to give a f a i r l y  

f l a t  variation with time of year. A t  90 deg, the equinox portion is most 

favorable. These capab i l i t i e s  are contingent upon launching a t  the  proper time 

of day t o  obtain favorable Beta angle relat ionships.  

'The e f fec t  of launch time of day on duration is shown in Figure 3.1-6. Each 

curve is shown for the  most. favorable time of year for each inc l ina t ion ,  i.e., 

s o l s t i c e  or equinox. A t  sun-synchronous (-97 deg) , the optimm time of launch 

is near 0600 hr . The window is f a i r l y  long. ~2 h r  . and it increases as the  

desired duration capabil i ty is reduced. For missions of lower inc l ina t ion ,  the  

launch window increases. These windows compare favorably w i t h  a normal launch 

window of about Ir) rnin needed to e f fec t  rendezvous a t  high incl inat ion.  Figure 

3.1-7 shows the  e f fec t  of time of day of launch and duration capabi l i ty  for a 

97-deg 220-rm o r b i t .  An equinox condition is  shown to i l l u s t r a t e  the  ear th  

surface sun  i l l m i n a t i o n  angle relat ionships.  An 0600 launch would place the  

o r b i t  a t  the  terminator and allow the  longest mission duration. For lower sun 

loo0 lzoo 1400 

TIME OF LAUNCH /HOURS) 

Figure 3.1-6. Mission Duntion - Lunch Widow Effect 3-kW Full Cell Idle, 4 Cyo  Sets; 
h = 220 NM, 7 kW to Payload 

I 
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Figure 3.1-7. Minion Duration - Sun Illumination 97-Doe 22@NM Orbit. 7-kW Payload Power, 
Autumnd Equinox 

angles ,  t he  durat ion capab i l i t y  decreases  to :2 aays for  a noon launch. Even- 

ing launches then allow an increase up to 42 days a t  1800 hr .  Thus t he  e f f e c t  

of pa r t i cu l a r  viewing needs on mission durat ion can be determined. 

The eff+-ct  or' e l l i p t i c  o r b i t s  on dur?tion capab i l i t y  was examined for  PEP. 

Figure 3.1-8 i l l u s t r a t e s  t he  s e n s i t i v i t y  for  a 55-deg o r b i t .  it a 100-nm c i r -  

cular  o r b i t ,  t h e  durat ion capab i l i t y  is 17 days. I f  apogee is increased, while 

maintaining a 100-nm perigee, t he  durat ion capab i l i t y  is increased a s  shown 

( i  .e., 1 day for  each 100-rm increase i n  apogee) . The Orbiter limits achieva- 

b le  apogee a l t i t u d e s  t o  about 500 rtm for  i n t eg ra l  o r b i t a l  maneuvering system 

capabi l i ty ;  t hus ,  the  durat ion increase is limited t o  about 5 days over the  

nominal ( reference 17 days). Other Orbiter missinm +i.formance c a p a b i l i t i e s ,  

such a s  acce le ra t ion ,  point ing,  maneuvering, and payload heat r e j ec t i on ,  have 

been examined w i t h  respect  t o  PEP. I n  a l l  cases ,  the nominal Orbiter capabil- 

i t y  has been maintained or improved by the  use of  PEP. Figure 3.1-9 shows an 

acce le ra t ion  capab i l i t y  comparison for  a low-g mission where t he  Orbiter is 

f lying an X-axis slong the loca l  ve r t i ca l  (gravi ty-gradient  mode). A t  160 run, 
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t h e  d r a g  a c c e l e r a t i o n  w i t h  PEP is a b o u t  t w i c e  t h a t  o f  O r b i t e r  a l o n e ,  b u t  t h e  

l e v e l  is still  be low t h a t  s e e n  by  p a y l o a d s  due  t o  e x p e c t e d  g r a v i t y - g r d i e n t  o r  

a e r c  , induced  o s c i l l a t i o n s .  

A t t i t u d e  c o n t r o l  and p o i n t i n g  c a p a b i l i t y  is u n a f f e c t e d  by  PEP i n  terms of 

a c c u r a c y .  A n a l y s i s  i n d i c a t e s  t h a ' i  t h e  v e h i c l e  may r e s i d e  toward  o n e  s i d e  o f  an  

a t t i t u d e  dead zonc a  b i t  more w i t h  PEP, y e t  would still be w i t h i n  t h e  nomina l  

a c c u r a c y  r e q u i r e m e n t .  A n e g l i g i b l e  e f f e c t  on p r o p e l 3  a n t  b u d g e t i n g  is n e e d e d ,  

due t o  PEP, for e x p e c t e d  o p e r a t i n g  a l t i t u d e s  (>I00 nm). The pay load  h e a t -  

r e j e c t i o n  c a p a b i l i t y ,  u s i n g  PEP, is i n c r e a s e d  o v e r  t h e  nominal  Orbiter b e c a u s e  

t h e  f u e l  ce l l s  o p e r a t e  a t  i d l e  l e v e l  when t h e  o r b i t  is i n  t h e  sun :  t h u s ,  the  

amount o f  w a s t e  h e a t  from t h e  f u e l  ce l l  t h a t  mus t  b e  dunped is reduced .  T h i s  

c a p a b i l i t y  g a i n e d  c a n  t h e n  be used b y  p a y l o a d s  a s  needed .  

3.1.3 Sys tem D e s c r i p t i o n  

F i g . d e  3.1.3-1 i l l u s t r a t e s  t h e  PEP c o n c e p t  i n  a  r e p r e s e n t a t i v e  c o n f i g u r a t i o n .  

The major  e l e m e n t s  o f  t h e  s y s t e m  a r e  t h e  ADA, t h e  PRCA, and an i n t e r f a c e  k i t  

which c o n t a i n s  PEP-to-Srbi ter  and RMS i n t e r f a c e  p r o v i s i o n s ,  i n c l u d i n g  RMS 

power c a b l e ,  a t t a c h m e n t  f i t t i n g s ,  and O r b i t e r  bay  w i r i n g  and p l m b i n g  . PEP 

sys tem c h a r a c t e r i s t i c s  a r e  summarized i n  T a b l e  3.1.3-1. 
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Table 3.1.3-1. PEP Sytem Characteris t ics  m i  . 

Power and duration 

(PEP/Orbiter 1 

PEP power output 

Load Lsterface 

PEP in ter face  

Output  voltage 
Array s i ze  

Stowage location 

Stowage configuration 

Deployment 

Array rotat ion 

Weight 

Heat reject ion 

21 kW, 20 days a t  55-deg inclination 

29 kW, 17 days a t  55-deg incl inat ion 

29 kW, 48 day3 a t  97-deg incl inat ion 

2t,  3 kY gross BOL. 

26.9 kW gross BOL 

32.6 V 3 . 1  (PEP regulation mode) 
2 SEP-type wings, 3.84 X 37.8 meters each 

Over Spacelab short or long tunnel, a f t  loca-. 
t ion  optional 

Dual uingbox; ro ta t ing  canister  ; trunnion/latch 
a t t a c h e n t  

Remote manipulator system 

Separation gimbal/tor quer drive using sun 
sensor control 
RMS inact ive except during Orbiter maneuvers 

PEP, 2,266 lb; Orbiter at tach f i t t i n g s ,  $5 l b  

Uses Orbiter f lu id  loop and radiat ion.  Flash 
evaporator supplement; some or ienta t ions  

Bath the ADA and the  PRCA a r e  n o r m l l y  stowed a t  the forward end of t h e  

Orbiter bay, but can be located anywhere within t h e  cargo bay if  needd.  The 

forward location is the most crucia l  design point for PEP because of  the  prox- 

i m i t y  of Spacelab module and tunnel or p a l l e t s  and igloo for t-hc al l -pa l le t  

configuration. The Orbiter/PEP retention provisions a re  shorn in Figure 

3.1.3-2. 

The ADA shares two standard Orbiter bridge f i t t i n g s  wi th  the  Spacelab short 

tunnel and one standard bridge f i t t i n g  with t h e  Spacelab module; three  

r?mot?ly operated l igh tmigh t  custom retention l a i x t  .: re ta in  the  ADA within 

the  Orb i te r  and allow the AD.4 t o  be mounted over Spacelab standard pa l l e t s .  

The PRCA is  ins ta l led  forward of t h e  ADA on two custom lightweight bridge 

f i t t i n g s  bhich provide clearpnce for mounting adjacent t o  the  RMS mounting; 

t h e  ?RCh trunnions are  locked into bridge f i t t i n g  jorrrnals for l a t e r a l  load 

reaction. 
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Figure 3.1.3-2. PEP Retention Provisions 

On o r b i t ,  t h e  ADA ' i g r a s p ~ d  by t h e  .iifS u s i n g  a s t a n d a r d  end e f f e c t o r  and 

moved o u t s i d e  t h e  O r b i t e r  bay. The ADA is t h e n  p o s i t i o n e d  t o  a l l s w  t h e  mi s s ion  

and payload o r i e n t a t i o n  r equ i r emen t s  t o  be met wh i l e  a l l owing  s o l a r  a r r a y  

a l ignment  normal t o  t h e  sun l i n e .  The s e l e c t e d  l o c a t i o n  cou ld  be  a t  t h e  l e f t  

o r  r i q h t  s i d e  o f  t h e  O r b i t e r ,  below, o r  i n  f r o n t  as needed,  t o  b e s t  s a t i s f y  

miss ion  o b j e c t i v e s .  m e n  t h e  optimun p o s i t i o n  is e s t a b l i s h e d  by t h e  CMS, t h e  

RMS j o i n t  b r akes  a r e  maintained locked throughout  t h e  s e l e c t e d  o r i e n t a t i o n  

sequence ,  e .g. ,  Y-axis p e r p e n d i c u l a r  t o  t h e  o r b i t  p l a ~ e .  The dep!ryed s o l a r  

a r r a y  is then  d l igned  normal t o  t h e  sun l i n e  by t h e  two PEP g imba l s .  The o u t e r  

Alpha gimbal is placed by t h e  RMS w i t  its a x i s  p e r p e n d i c u l a r  t o  t:.e o r b i t  

p l ane ;  t h i s  t hen  a l l ows  Alpha gimbal 360-deg d r i v e  t o  r o t a t e  a s  needed i n  t11r 

p l ane  o f  t h e  o r b i t .  The 0 t o  30 deg Beta gimbal a l l ows  t h e  a r r a y  t o  a d j u s t  

toward t h e  s u n ,  acccun t ing  f o r  o r b i t  Beta a n g l e  v a r i a t i o n s .  Power is 

t r a n s f e r r e d  from t h e  a r r a y  a c r o s s  s l i p  r i n g s  on t h e  Alpha g imbal ,  t h rough  t h e  

remote ly  a c t i v a t e d  RMS end e f f e c t o r  power u n b i l i c a l ,  and a long  power c a b l e s  

a t t ached  t o  t h c  RMS t o  t h e  RMS s h o u l d e r ,  from where it is fed i n t o  t h e  PRCA. 

There t h e  cower is c o n t r o l l e d ,  r e g u l a t e d ,  and d i s t r i b u t e d  t o  t h e  O r b i t e r  buses  

MCDONNELL DOUGLAS s 



f o r  u s e  by t h e  O r b i t e r  and its payloads .  ?he d e s i g n  e n a b l e s  t h e  RHS t o  r e t a i n  

t h e  a b i l i t y  to s e r v e  pay loads  then  PEP is n o t  o p e r a t i o n a l .  

An exploded view o f  t h e  ADA d e s i g n  is shown i n  F i g v e  3.1.3-3. The core s t r u c -  

t u r e  is a box beam t h a t  p r o v i d e s  f o r  t r a n s v e r s e  a t t achmen t  across t h e  Orbiter 

payload bay. Wo s o l a r  a r r a y  wing a s s e m b l i e s  a r e  a t t a c h e d  to o p p o s i t e  s i d e s  of 

t h e  beam. The deployment c a n i s t e r s  are momted on t o p  of t h e  beam and will 

u rde rgo  a 90-deg r o t a t i o n  p r i o r  to  deployment. Also momted t o  t h e  core s t r u c -  

t u r e  a r e  t h e  two d i o d e  assembly packages,  which p rov ide  a r r a y  module i s o l a t i o n  

and i n t e r c o n n e c t  ; t h e  two-ax is g i m b a l / s l i p  ring/llHS g r a p p l e  f i x t u r e ,  which 

p r o v i d e s  a r r a y  o r i e n t a t i o n ,  power t r a n s m i s s i o n  and RnS a t t a c h n e n t ;  t h e  aun 

s e n s o r  and sun senso r  p r o c e s s o r ,  which d e r i v e  c o n t r o l  s i g n a l s  f o r  a r r a y  posi- 

t i o n i n g :  and t h e  p o i n t i n g  and c o n t r o l  e i e c t r o n i c s ,  which d r i v e s  t h e  gimbal and 

p r o v i d e s  t h e  s i g n a l  p rocess ing  to feed t h e  O r b i t e r  d i s p l a y s  and c o n t r o l s .  

I n  performing t h i s  phase o f  t h e  PEP s t u d y ,  s e v e r a l  ADA c o n f i g u r a t i o n  

a l t e r n a t i v e s  have  been examined. F i g u r e  3.1.3-4 i l l u s t r a t e s  fou r  g e n e r i c  

t ypes .  A l l  o f  t h e s c  o p t i o r s  a r e  f e a s i b l e :  t h e y  d i f f e r  mainly i n  t h e  method o f  

GIMBAL ASSEMBLY 

ARRAY POINT'W 
AND CONTROL 
FLECTRONICS ASSEMBLY 

INS1 HUMENTATION 
AND CONTROL HARNESSES 

SIGNAL PROCESSOR 

Figure 3.1.3-3. PEP ADA - Reference Confi~urnion 





mourting canister  and wing box assemblies to the core structure.  The 

conf iguat ion  in  the  lower l e f t  s i d e  of the  f igure is a modular concept t h a t  

a l l o w  each wing box and pair of can i s t e r s  to be assembled as  a module and 

integrated before attaching to the  strongback structure.  A similar  

con f igwat ion  has been proposed by the  Lockheed EUssiles and Space Company. 

R.e strongback conf igua t ion ,  upper r i g h t ,  represents  the  type of 

configuration selected a s  a reference baseline for  the  study. This lightweight 

concept incorporates a cent ra l  support mechanism for the  c a n i s t e r h a s t  

assemblies. This mechanism a lso  houses the  canis ter  ro ta t ion  linkages and the  

compliance springs for  control l ing the  system's s t ruc tu ra l  response. 

Any of the ADA configmations shown can be ou t f i t t ed  with fixed (off-center) 

o r  ro ta t ing  canister  assemblies. 

The solar  array wing shown i n  Figwe 3.1.3-5 is based on the  NASA SEP array  

concept; it consis ts  of 50 hinged panels per wing of 2x4 can solar  c e l l s  at ta-  

ched to a f l ex ib le  substrate.  Althouj~h the  current baseline assumes a 

wraparoczd c e l l  conf igua t ion ,  both conventional c e l l s  and larger  c e l l  s i zes  

STORED 

PANEL HINGE 
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CANISTER d - 22 IN.& 66.7 1H. 
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have also been investigated. Final design se lec t icn  w i l l  occur dwing ea r ly  

Phase C/D. 

3e array is deployed and retracted by actuation of the deployable mast shown 

i n  Figwe 3.1.3-6; the  mast cons is ts  of a canposlte t r iangular  truss, stored 

helically wound i n  a canis ter .  During mast extension or re t rac t ion ,  the  array 

folding is controlled by guide wires; when f u l l y  extended, the 3.84X36-meter 

array wing is kept under tension by the  mast tii assure the  required *latness. 

;he mast is deployed from its canister  by redrndant motors driving through a 

gear box tha t  provides for t r o - . s ~ e ; ,  operation. bring the f i r s t  2 f t  of mast 

extersion,  the  canis ters  are unlztched and avto-rotated into deployment posi- 

t ion a t  slow speed; a f t e r  la tchl r~g in t h i s  posi t ion,  the  array is f u l l y  

extended a t  high speed. This sequence is reversed during re t rac t ion .  During 

contingerey operation, array re t rac t ion  and extension can be performed man* 

a l l y  by an EVA crewan.  

The mast canister  assembly is attached t o  t h e  support beam through a compliant 

mornt which contro ls  the frequency response of the  deployec array t o  Orbiter- 
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/' 
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Figum 3.1.3-6. MastICanister Assembly 
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induced l o a d s  i n  two axes  ( i n  t h e  a r r a y  plane  and perpendicular  t o  t h e  a r r a y  

plane)  . The compliant mount is locked out  when t h e  a r r a y  is not  deployed. 

When PEP is aboard t h e  O r b i t e r ,  t h e  Orb i t e r  d i g i t a l  a u t o p i l o t  (DAP) sof tware  

i n h i b i t s  t h e  l eng th  and/or frequency o f  v e r n i e r  r e a c t i o n  c o n t r o l  system (VRCS) 

w:'ses to c o n t r o l  both  a v a i l a b l e  Ckbi ter  r a t e s  and VRCS pluue  l o a d s  on t h e  

a r ray .  In c o n j m c t i o n  with t h e  compliant  mount, t h i s  r e s t r i c t i o n  assslres t h a t  

t h e  a r r a y h a s t  w i l l  not  be subjected to e x c e s s i v e  l o a d s  and t h a t  t h e  RHS brake 

to rques  w i l l  not  be exceeded. 

The g i m b a l / s l i p  r i n g / g r a p p l e  assembly and its r e l a t i o n s h i p  t o  t h e  RMS system 

a r e  shown i n  Figure 3.1.3-7. The s tandard RNS end e f f e c t o r  mates  phy.slcally 

with t h e  g rapp le  f i x t u r e  on t h i s  assembly and a s p e c i a l  remotely ac tua ted  

u n b i l i c a l  mates with t h e  s p e c i a l  PEP harness  i n s t a l l e d  along t h e  RMS: t h e  RMS 

modi f i ca t ions  do not i n t e r f e r e  with normal RMS o p e r a t i o n s  whed PEP i s  n o t  i n  

use.  

ELECTRONIC COMP END EFFECTOR 

RMS ARM 

PITCH 

SHOULDER YAW 
RMWEP INTERFACE 
PEP POWER CABLE 

VIEW LOOKING INBOARD - PORT SIDE UMBILICAL 

Figure 3.1.3-7. Gimbal/Slipring/Grapple Assembly 



A l l  s a f e ty -c r i t i c a l  l a tches  and ac tua to r s  t h a t  a r e  incorporated i n  the  ADA a r e  

capable of  manual EVA operat ion i n  an emergency. 

' [  The avionics  equipment on the  support beam (sun sensor ,  sun and s igna l  sensor 

processor,  and pointing and cont ro l  e l e c t r o n i c s  assembly) prov ide  the  system 

cont ro l  i n t e r f ace  with t he  Orbi ter  through t h e  multiplexer/demultiplexer (HDH) 

and da ta  bus coupler assembly mounted on the  PRCA. In addi t ion ,  t h e  Orbiter 

multifunction CRT d i sp l ay  system (KDS), t h e  systems management computer, and 

a switch located on t h e  on-orbit s t a t i o n  standard switch panel c o n s t i t u t e  an 

i n t r i n s i c  pa r t  of the  system equipment. The MCDS includes a keyboard through 

which crew commands a r e  input via  t h e  d i sp l ay  processor t o  the  GPC and then 

relayed via t h e  bus couplers  to  t h e  HDM for  cont ro l  o f  in-bay power equipment 

o r  a r e  re t ransfer red  t o  t he  e l ec t ron i c s  assembly. PEP s t a t u s  da ta ,  t ransfer red  

frm these w i t s  t o  t h e  general-purpose computer ( G P C ) ,  is processed and dis- 

played on the  CRT. Figure 3.1.3-8 shows a typ i ca l  PEP s t a t u s  display.  

The PRCA is shown in Figure 3.1.3-9. It c o n s i s t s  o f  six vol tage regula tors  

momted on three  Orbiter-type cold p l a t e s ,  t h r ee  shunt l im i t e r s .  a power dis- 

t r i b u t i o n  and control  assembly, an MDM da ta  bus coupler assembly, and appro- 

p i a t e  power cables  mounted to a bean; support s t ruc tu re .  A s  noted e a r l i e r ,  t h e  

PRCA remains locked in  t he  Orbiter d w i n g  t h e  mission. 

Figure 3.1.3-10 shows the  PEP e l e c t r i c a l  i n s t a l l a t i o n  i n  t he  Orbi ter .  Power 

coming down the  RMS harness  is routed along the  PRCA beam t o  the  voltage regu- 

l a t o r s .  Power *om the PRCA i n t e r f aces  with t h e  Orbiter k i n  A a t  S t a t i on  693 

on the  port  s i d e  and with Mains B and C a t  S t a t i on  636 on t h e  starboard s ide:  

a l l  th ree  c i r c u i t  g romds  a r e  tied to Orbiter s t r u c t u r e  a t  these i n t e r f aces .  

Power cables  to the  main d i s t r i b u t i o n  assemblies f).m these  i n t e r f aces  a r e  

supplied a s  k i t  items fo r  i n s t a l l a t i o n  below t h e  cargo bay 1:ner. 

The PEP e l e c t r i c a l  system is shown schematically i n  Figure 3.1.3-1 1 .  High vol- 

tage power f rom t h e  arrays is provided via  t he  RMS harness t o  t h e  s i x  pulse- 

uid th-modulated regulators .  These renula tors  per form two major functions: ( 1 ) 

each contains  a microprocessor which continuously monitors t h e  a r ray  output 

and suppl ies  cont ro l  s i g n a l s  t o  assure  t h a t  t he  peak power from the  a r r ay  is 

ava i lab le  t o  t he  system, and (2) they maintain a s u i t a b l e  output vol tage (nom- 



XXXXMXX PEP CONTROL 

PEP PWR XXX PWR CONN XXXXXXX CAN ROT lXXX W X X  

AUTOIMANUAL XX M A S T  W T  W X X  W X X  

G I M B A L  POSIT ION 

ALPHA XXX 

INFLIGHT D l  SCONNECT 
1 2 

A R M  X X 

BETA XXX F IRE  X X 

G IMBAL RATE 

ALPHA XX 

BETA XX 

REGULATOR ADJUST LEVEL 

1 XX. XX 2 XX.XX 3 XX.XX 4 XX.XX 5 XX. XX 6 XX.XX 

PDB SWITCH SETTING 

l X 2 X 3 X 4 X 5 X 6 X  

Figure 3.1.3-8. PEP Control Display Format 

VOLTAGE POWER Dl STRI BUTION BOX 

LIMITEi l l3 )  / 

/ STRUCTURAL SUPPORT ASSEMBLY 

M DM 

VOLTAGE / T I U P P k  B R A C W  
REGULATOR (6) COLD PLATE (3)  

FORWARD 
h 

Figure 3.1.3-9. Power Regulation and Control Assembly 



MAST CANISTERS 

SHUNT REGULATORS 
(VOLTAGE LIMITERS) 

PEP INTERFACE 
BUSBM:-STAXo 
POWER AND SENSl 

BOX 

IN-FLIGHT 
DISCONNECTS (2) 

MDA NO. 2 PEP INTERFACE BUS A - STA Xo 693 
(POWER AND SENSING 

FUEL CELL NO. 1 

ASSEMBLY (MDAI NO. 1 

Figure 3.1.3-10. PEP Power Distribution Interfaces 

SOLAR ARRAY 
291 M~ 
100 PANELS 
AT 329 W 
3.04 X 37.8 M 
BLANKET I SHUNT 

REGULATOR I GIMBALS/ 
11~ 'wC( INSTRUMENTS I 

Figure 3.1.3-11. PEP Electrical Power System 

324kW BOL PEP INTERFACE 
12S239 V (STA 693 AND6361 

DIODES AND 
RMS CABLES 

MCDONNELL W U O L A S  $ 

0 2  4 KITS (PEP BASELINE) bs' 

VOLTAGE 
REGULATORS 
7 = 0.90 16) 

31.4 kw 

1 17-239V 

VOLTAGE SENSING 

NIGHT - 29.3 kW 

. 
PEAK POWER 
TRACKER 
v ' 0.98 



i n a l l y  32.6 V )  t o  keep t h e  f u e l  c e l l s  i d l i n g  a t  t h e  1 kW needed to ach ieve  t h e  -- I -. 1 - 
s r ' c i f i e d  PEP d u r a t i o n .  

I 
Each r e 3 u l a t o r  has  i n t e r n a l  overvo l t age  and c u r r e n t  l i m i t i n g  c i r c u i t r y  and is 

provided with remote sensinq c a p a b i l i t y .  Output o f  p a i r s  o f  r e g u l a t o r s  is - I 
suppl ied  to t h e  t h r e e  Orb i t e r  main buses. 

A development PEP r e g u l a t o r  (F igure  3.1.3-12), was cons t ruc ted  by MDAC using 

Company funds.  The u n i t  was shipped t o  NASA/JSC f o r  t e s t i n g  on t h e i r  O r b i t e r  

e l e c t r i c  power d i s t r i b u t i o n  and c o n t r o l  (EPDC) s imula to r  and w i l l  be used t o  

v e r i f y  t h e  method of  r e g u l a t i n g  t h e  s o l a r  a r r a y  output  power and t h e  Orb i t e r  

bus i n t e r f a c e .  

The vo l t age  r e g u l a t o r  cold  p l a t e s ,  which a r e  of s tandard O r b i t e r  des ign ,  a r e  

each t i e d  i n t o  both t h e  primary and secondary Freon 21 loops  downstream of  t h e  

Orb i t e r  a f t  a v i o n i c s  bays. Quick d i sconnec t  and a junper f o r  use when PEP i s  

not on board suppor t  quick PEP i n s t a l l a t i o n  and removal. 

One shunt r e g u l a t o r  is t i e d  to each o f  t h e  t h r e e  O r b i t e r  buses v i a  t h e  power 

d i s t r i b u t i o n  box; i n  t h e  event a f a i l u r e  a l lows  a vo l t age  r e g u l a t o r  t o  supply  

more than 33 V t o  t h e  Orb i t e r  bus ,  t h e  shunt  r e g u l a t o r  w i l l  draw s u f f i c i e n t  

c u r r e n t  t o  hold t h e  bus v o l t a g e  down u n t i l  t h e  r e g u l a t o r  can be s h u t  down. 

Th i s  shutdown is a c c m p l l s h e d  au tomat ica l ly  wi thin  200 msec. 

The deployment and mission o p e r a t i o n s  o f  PEP a r e  monitored and c o n t r o l l e d  a t  

t h e  mission s p e c i a l i s t  console  i n  t h e  Orb i t e r  a f t  f l i g h t  deck. The deployment 

sequence is i l l u s t r a t e d  i n  Figure  3.1.3-13 and t imel ined i n  Figure  3.1.3-14. 

The RMS g r a p p l e s  t h e  a r r a y  deployment assembly and moves it t o  t h e  deployment 

assembly p o s i t i o n  where t h e  RMS is f i x e d .  The a r r a y  is then deployed and o r i -  

ented normal t o  t h e  sun l i n e .  The t o t a l  elapsed t ime is 39.1 min. i f  a l l  t a s k s  

a r e  done i n  s e r i e s .  This t i n e  can be reduced t o  30.6 min. f o r  a p a r a l l e l  

opera t iona l  a l t e r n a t i v e .  Severa l  deployment o p t i c n s  have been analyzed hhich 

address  RMS s ta tus /checkou t  , p a r a l l e l  o p e r a t i o n s ,  and l o c a t i o n  p re fe rences .  

The r e t r a c t i o n / s t o r a g e  t ime required is . minutes ,  s l i g h t l y  l o n g e r ,  inc lud ing  

placement of  t h e  a t t a c h  t runn ions  back i n t o  t h e i r  l a t c h  f i t t i n g s .  

A t y p i c a l  PEP o p e r a t i o n  on o r b i t  is shown in  Figure  3.1.3-15. The Orbite: is 

o r ien ted  with t h e  Y-axis perpendicular  t o  t h e  o r b i t  plane f o r  an e a r t h  obser- 
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v a t i o n  miss ion  (Z-axis a l i g n e d  a long t h e  l o c a l  v e r t i c a l ) .  The Alpha gimbal 

a x i s  is pe rpend icu la r  to t h e  o r b i t  p l ane  and t h u s  a l l o w s  r e l a t i v e  o r b i t a l  

r o t a t i o n  wh i l e  ma in ta in ing  s o l a r  a i i g ~ l e n t  o f  t h e  a r r a y .  A z e r o  Beta a n g l e  

c o n d i t i o n  is shown; a s  Beta chances  wi th  o r b i t  r e g r e s s i o n ,  t h e  o p e r a t i o n  is 

t h e  same, wi th  t h e  6 e t a  gimhal s l o w l y  a d j u s t i n g  t h e  a r r a y  t o  ma in ta in  normal- 

i t y  t o  t h e  sun l i n e .  

The f e a s i L : l i t y  o f  t h e  PEP d e s i g n  i n t e g r a t i o n  w i t h  t h e  O r b i t e r  h a s  been 

v e r i f i e d  by l a y o u t  drawings ,  a n a l y s i s ,  and t h e  d e f i n i t i o n  o f  a l l  t h e  

i n t e r f a c e s  between PEP, t h e  O r b i t e r ,  and RMS. Y.gure  3.1.3-16 shows t h e s e  

i n t e r  f a c e s ;  see S e c t i o n  4 f o r  a more d e t a i l e d  d e s c r i p t i o n .  Twenty-one d i s t i n c t  

i n t e r f a c e  items have been d e t a i l e d  i n  t h e  a r e a s  o f  e l e c t r i c a l ,  s t r u c t u r a l /  

mechanica l ,  a v i o n i c s ,  t he rma l ,  and crew; t h e s e  i n t e r f a c e  d e f i n i t i o n s  r e s u l t e d  

porn J o i n t  MDAC/RI and MDAC/Spar a c t i v i t i e s .  C o n s i s t e n t  wi th  t h e  d e s i g n  phi- 

losophy o f  p rov id ing  PEP as needed wi thout  i n f l i n g i n g  on t h e  b a s i c  

c a p a b i l i t i e s  o f  & b i t e r ,  t h e  m o d i f i c a t i o n s  found n e c e s s a r y  f o r  PEP i n s t a l l a -  

t i o n  a r e  minimal. They i ~ c l i d e  items 111 t h e  power and d i s t r i b u t i o n ,  t h e  

c o o l a n t  l oop ,  d a t a  bus ,  c o n n e c t o r ,  p h y s i c a l  a t t a c h a e n t s  ( e l e c t r i c a l  h a r n e s s ,  

p lunb ing ,  and equipment mount ing) ,  and an a f t  f l i g h t  deck  swi t ch .  
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The PEP has been designed to preclude an appreciable reduction in  Whi ter  '1 
r e l i a b i l i t y  and crew safe ty  provisions during a PEP mission. This has been 

accomplished by se lec t ive  redundancy, incorporation of safe ty  provisions, and 
i the use of manual backup by EVA for  contingency operations. Table 3.1.3-2 ssm- -1 

marizes the  major s a f e t y / r e l i a b i l i t y  pravisions i n  the  PEP design, and the  

ra t ionale  for the j r  incorporation. k r e  detailed treatment of PEP r e l i a b i l i t y  

and safe ty  can be fomd i n  the  Product Assurance Plan, V~luue 8. 

:I 
: 1 . I 

The heed to avoid col l i s ion  avoidance has been a key issue i n  the  design and 

developnent of  operational procedures for PEP. OL'r study has concluded tha t  an r ,  
automated col l i s ion  avoidame concept is complex , expensive, and unnecessary 

for the PEP applicaLion. The selected approach r e l i e s  he&-:ily upon exist ing 
- !  I 

! 

Or biter/RMS equipment and proced urus and incorporates the following features : 

A. S t r i c t  adkorence to RHS operations protocol. 

0.  Use of exfstfi,g RMS ;tutw.asicn t o  reduce x o b a b i l i t y  of operator 

er ror .  

C. Redundant crew monitoring by independent means of a l l  c r i t i c a l  RMS/PEP 

operations. 

D. A posit ive means of  verifying safe ty  of the  PEP array/operating posi- 

t ion  independent of (and redrndant to) HHS instrlmentatio;.. 

E. Use of exist ing HMS audible alarm to indicate any imdver tent  movement 

of the RMS fran thz verif ied ?EP operating pctsit'an. 

F. An array gimbal pointing system that  is fundamentally fai l-safe;  i .e. ,  

no combination of electro/aechanical f a i l u r e s  (other than primary s t ruc ture)  

can cause a col l i s ion .  

Detai ls  of thz col l i s ion  avcidancr study are give I in Volune 3. 

Several aspects of EVA were considered in che design s f  the  PEP. F i r s t ,  design 

c r i t e r i a  were considered which wrs necessary t o  enabls an EVA cremian t o  

perform PEP manl~al tasks such as latching/unlatching aeployment/retraction, 

maintenance, je t t i soning,  and visual cueing for t h e  RMS operstor.  Tie selected 

design allows for these tasks t o  be performed on an unscheduled and contin- 

gency basis .  

The second aspect of EVA design c r i t e r i a  considered re l akc ,  '- designing the 

PEP t o  be canpatible wi th  EVA tasks  which might be carried out for both PEP 

and other Orbiter systems or  payloads. This c r i t e r i a  precludes damage tc  PEP 

' 



Table 3.1.3-2. PEP Design Provisicns for Safety and Rel iabi l i ty  (Page 1 of 2) 

Design Provision Rationale 

Redundant GPC date bus interface Permits operation wi th  bus, cable 
assembly, coupler, o r  MIA f a i l u r e  

Orbiter type or dual MDH Prov idea a second control capabil- 
i t y  i f  M D H  buffer , sequencer, o r  
output c i r c u i t  f a i l  

Dual data bus l ines  from MDM t o  Provides backup i n  case of HDM/ 
e lectronic assembly electronics assembly data-transfer 

f a i l u r e  

Dual control l ines  from MDH t o  Permits connector separation with 
power d is t r ibut icn  box for RMS cable and/or re lay  f a i l u r e  
shoulder power connector disengage 
s ignals  

h a 1  contro!. l i n e s  fron: MDM t o  actu- Cr i t i ca l  control item; cont ro ls  
ator  disengaging grapple f ix tu re  array retract ion 
power connector 

Manual and automatic array rate/  Permits sun tracking wi th  s u n  
position c o n r d  sensor/processor f a i l u r e  

Fusing of interface c i r c u i t s  Frot.ects Orbiter buses from possi- 
ble short c i r c u i t s  in PEP 

Shmt regulators Rov ides posi t ive backup 
overvoltage protection of Orbiter 
buses 

Power contractors in power d i s t r i -  Permits posi t ive i so la t ion  of PEP 
bution box power sources 

Fuel c e l l s  on l i n e  wi th  PEP Complete loss  of PEP w i l l  not 
a f fec t  aission safe ty  

Blocking diodes in solar  array 
se r i e s  s t r i n g s  

Iso la tes  a f a u l t  j.n any s t r ing  from 
a l l  paralleled s t r i n g s  

Dual i n i t i a t o r  c i r c u i t s  for 
in--flight disconnects 

Provides redundancy in  RMS power 
cable separation means 

Regulator sensing c i rcu i t ry  backup Avoids regulator ovcrvoltage opera- 
t ion i f  regulator remote sensing is 
los t  

Modular isolated saurces and d i s -  Allows for graceful degradation of 
t r ibut ion  equipment PEP capabi l i ty  

Manual wing box top la tch  Allows backup w i t h  EVA creman for 
provision stowing array 

Array drive niotor redundancy Backup for ex tension/retrac tion 

Manual array retraction/ex tension Backup for extension/retraction of 
arrays 



Table 3.1.3-2. PEP Design Provisions for Sefety and Reliabil i ty (Page 2 of 2) 

Design Provision Rationale 

knua l  separation of RnS from ADA Allous backup with Ekr creunan for 
SPEE separation 

ADA je t t i son provisions Enables AM t o  be jettisoned for 
safe crew return 

Backup for latching/~tnlatching ADA 
in-bay 

Allows backup with EVA creunan 

Retention latch drive motor 
red mdancy 

Wanual retention latch/mlatch 
provision 

Physical separation of Reon loops b e t s  Orbiter survivabil i ty 
c r i t e r i a  

PEP cold plates located unde- PRCA Hinimizes vulnerability of Peon 
loops 

by EVA crews and also ensures unimpaired crew performance and safety dwing 

EVA. Types of EVA compatibility c r i t e r i a  includes avoidance of exposed edges, 

corners and protrusims,  inclusion of nandblds and translation devices, and 

design to withstand crew kickoff loads. The PEP is designed based on these 

c r i t e r i a .  

The PEP design must  also consider the EVA reserved envelopes, which ensure a 

corridor for the EVA creman to access c r i t i c a l  areas i n  the cargo bay. These 

stay-out areas are given i n  5pace Snuttle System Payload Accommodation ," JSC 
37700, Volune I V .  The reference design extends s l igh t ly  in to  reserved EVA 

envelopes but the planned ins ta l la t ion does not prevent the crew kom 

performing the currently planned translations. Volune 3 of t 7 i s  report con- 

ta ins  the more detailed treatment of EVA considerations. 

Table 3.1.3-3 presents the major system and subsystem trades and analyses con- 

ducted during the s t u d y  to resolve key PEP design issues. Results of t h i s  

e f fo r t  are reflected i n  the reference PEP design. More detaiied descriptions 

of the trades and analyses and specific design impacts can be found i n  the 

subsystem descriptions, Section 3.2 of t h i s  volune, and i n  Volune 3, 

Detailed subsystem descriptions are given i n  Section 3.2 for e lect r ical  power, 

structural/aechanic,?, avionics, and control, and thermal control subsystems. 



Table 3.1.3-3. Major FEP Trades and Analyses (Page 1 of 2) 

Name Purpose 
-- - -- 
Elect r ica l  --- 
PEP/Orb.dr integrat ion options 

Regulator type and eff iciency 

Regulator f a i lu re  modes atla e f f ec t s  

St ructural/Mechanical 

PRCA configuration 

ADA configuration 

Rotation and fixed mast canister  

Array wing box length analysis  

Aluninum versus cmposi te  s t ruc ture  

Avionics and Control 

Solar array control avionics 
requirements/criteria defint ion 

Cantrol system management, CPC. and 
array control processor int.erface 
def in i t ion  

Orbiter DAP u t i l i z a t i o n  evaluation 

FMC analysis  

Alternate solut ions for PEP/RMS 
cantrol and drive power wiring 

Thermal Control - 
Alternate methods of heat reject ion 

Performance analysis  

Thcr-ma1 control configuration 
de f in i t ion ,  ac t ive  versus passive 

PEP/Orbiter in ter face  analysis  

EVA considerations 

Evaluate in ter face  options to  i d l e  
fuel c e l l s  a t  1 kW each 

Trade of regulator types 

Identify additional design provi- 
s ions required 

Tradeoff of 3 confi -urat ions 

Tradeoff o f  6 configurations 

Tradeoff of the  two  concepts 

Determined most su i t ab le  length or' 
array w i : ~  box 

Selected s t ruc tura l  material for 
reference design 

Proportima1 vwsus orl-off array 
control ler  

Determined nunber of required 
software modules i n  systems manage- 
ment computer and defined control 
and s t a t u s  displays 

Determined load2 on PEP when PRCS 
or VRCS a re  used 

Determined radiated f i e ld  in tens i ty  
impinging on PEP 

Traded use of SPEE wiring versus 
PEP peculiar wiring harness 

Traded methods c f  increasing 
Orbiter/PEP heat reject ion 

Determined Orbiter heat reject ion 
capabi l i ty  i n  PEP mode 

C@mpare methods of cooling PEF 
regulators  

Determined s u i t a b i l i t y  of Freon ? I  
i n t e r  face 

Establish FEP E V A  design c r i t e r i a  
and determine E V A  route intrusions 



Tab le  3.1.3-3. Major PEP Trades  and Analyses (Page  2 o f  2) 

Purpose 

Thermal C o n t r o l  (Cont.) 

Avionics  c o o l i n g  

Gene ra l  

R e l i a b i l i t y  and s a f e t y  

C o l l i s i o n  hazard  e l i m i n a t i o n  

Determine adequacy o f  p a s s  ' v e  cool-  
i n g  f o r  ADA a v i o n i c s  

V e r i f y  d e s i g n ,  i d e n t i f y  a d d i t i o n a l  
d e s i g n  p r o v i s i o n s  r e q u i r e d  

Compares automated v e r s u s  
nonautomated c e t h o d s  o f  c o l l i s i o n  
avo idance  

3.1.4 Hass P r o p e r t i e s  

3.1.4.1 Reference  Design Weights 

The r e f e r e n c e  d e s i g n  w i g h t s  a r e  i d e n t i f i e d  i n  Tab le  3.1.4-1 and a r e  based on 

d e t a i l e d  subsystem and hardware d e f i n i t i o n .  A d e s c r i p t i o n  o f  t h e  major e lement  

is desc r ibed  i n  t h e  fo l lowing  paragraphs :  

3.1.4.1.1 Array  Deployment Assembly 

The b l a n k e t  assembly i n c l u d e s  t h e  pane l  a s s e m b l i e s  and t h e  h a r n e s s  p r o v i s i o n s  

wi th  weight  supp l i ed  by s u b c o n t r a c t o r s .  The panel  assembly we igh t s  were devel-  

oped f o r  a 32.9-We a r r a y  a t  BOL wi th  100 a c t i v e  pane l s .  The total  pane l  a r e a  
2 2 is 3,127.4 f t  (290.7 m 1. Harnesses  i n c l u d e  t h e  f e e d e r  h a r n e s s ,  which is 

a luninun.  

The wing box assembly is made up o f  t h L  wing boxes ,  b l a n k e t  t e n s i o n  mechanism, 

and t h e  mast i n t e r f a c e  l i n k a g e  assembly.  The wing boxes and i n t e r f a c e  l i n k a g e s  

we igh t s  a s  supp l i ed  by t h e  s u b c o n t r a c t o r  were o c a p o s i t e  d e s i g n  and t h e s e  

v a l u e s  were reworked us ing  a luninun.  lhe fou r  b l a n k e t  t e n s i o n  mechanism 

weights  were a1  so supp l i ed  by t h e  s u b c o n t r a c t o r .  

The s o l a r  a r r a y  mast  assembly  we igh t s  were developed by  t h e  s u b c o n t r a c t o r s  f o r  

a 125.3-ft (38.2 meters) mast wi th  200 f t - l b  u l t i m a t e  bending manent. The 

assembly i n c l u d e s  t h e  c a n i s t e r  and mast d r i v e  a c t u a t o r s .  



Tahle 3.1.1-1. Reference Deaign Weishts 

Kits 

Loca t i on Fayload bay* 

Power 
RMS distribution T h e m  

Description ADA PSCA harnees hcvness control 

Solar array 

alanket sssembly 

Solar array wing 
assembly 

Sc' sr array mast 
assembly 

box 
160 

Solar array ::upport 
structare assmbly 

Power regulation equip 
malt support structure 
aasctcbly 

Solar array canister 
support mechanism 

- 
Z-axis soiar array 
drive ~imbal assembly 

Power distribution and 
regulation 

Power-distribution 
equipment 

Voltage-regulat loti 
ewipmetlt 

Distribution ..nbles 

RMS pswcr cable assembly - 
Thermal cotitrol - 
Avl onics 57 - .  32 

Subtotal i lb) 1,374 668 101 113 10 

.*Total veight (lb) 2,266 

*drbiter  scar; power distribution (37 ~ b )  and thermal (9 lb) 



Ihe structure/mechanical  subsystem c o n t a i n s  t h e  support  s t r u c t u r e  assembly 

which is open-truss beam des ign  with a t h r e e t r u n n i o n  support  system. The 

c a n i s t e r  suppor t  ( p i v o t  assembly) inc ludes  t h e  c a n i s t e r  suspension,  lockout  

mechanism, and s t o w  p o s i t i o n  l a t c h e s .  The f i n a l  assembly is t h e  gimbal 

assembly made up of t h e  g rapp le  f i x t u r e  t h e  m b i l i c a l s ,  and t h e  Alpha and Beta '1 
gimbal d r i v e  assemblies.  . b 

Power d i s t r i b u t i o n  and r e g u l a t i o n  subsystem on t h e  ADA c o n s i s t s  o f  two diode  j j 
b-xes p l u s  t h e  power d i s t r i b u t i o n  wiring harnesses.  The d iode  box weights are 

- I 
based on a component l i s t i n g ,  and t h e  necessary  weights f o r  wiring and i ! 

- !  P 
housing. I 

! 
The a v i o n i c s  susbsystem c o n s i s t s  o f  a sun sensor .  s i g n a l  processor, a r r a y  con- - - 
t r o l  e l e c t r o n i c s  with associat .ed i n s t r u n e n t a t i o n ,  and wiring. 

3.1.4.1.2 Power Regulator and Control  Assembly 

The PRCA s t r u c t u r e  support  assembly is an a l m i n u n  beam des ign  with a t h r e e  

t runnion i n t e r f a c e  with t h e  Orb i te r .  

The power d i s t r i b u t i o n  and r e g u l a t i o n  subsystem inc ludes  t h e  power d i s t r i b v -  

t i o n  box, t h r e e  shunt vo l t age  limiters, and s i x  MIAC-designed vo l tage  reguls-  

tors. The weights f o r  t h e  above were a l l  derived kom d e t a i l  component lists 

p l u s  allowances for wiring and housing o f  each assembly. Ihe d i s t r i b u t i o n  

c a b l e s  inc ludes  t h r e e  harness  assemblies;  t h e y  are t h e  s e p a r a t i o n  dev ice  to 

t h e  vo l tage  r e g u l a t o r ,  the v o l t a g e  r e g u l a t o r s  to t h e  power d i s t r i b u t i o n  box, 

and t h e  power d i s t r i b u t i o n  box to t h e  shunt vo l t age  limiter. 

The thermal con t ro l  subsystem weights a r e  based on a cold-pla te  des ign  to 

match t h e  required equipment momting a rea .  The t o t a l  cold-pla te  a r e a  is 8.9 
2 2 f t  (0.83 m 1. The remaining por t ion  o f  thermal c o n t r o l  inc ludes  t h e  l i n e s ,  

d i sconnec t s ,  and f l u i d s  necessa ry  to complete t h e  i n s t a l l a t i o n .  

The av ion ics  subsystem on t h e  PRCA c o n s i s t s  o f  t h e  multf p lexer /demult ip lexer  

p l u s  wiring to t h e  RHS i n t e r f a c e .  

3.1.4.1.3 Kits 
There a r e  four i tems i n  t h i s  ca tegc ty .  The first is  t h e  RMS harness  k i t  which 

runs  t h e  l eng th  o f  t h e  RMS from t h e  PRCA t o  t h e  s e p a r a t i o n  device  near t h e  RMS 

shoulder.  The weights were ex t rac ted  from SPAR i n p u t s .  The second is t h e  power 



dis t r ibut ion  harness f rom the power d is t r ibut ion  boxes on the PRCA t o  the 

interface panels. Two on the  standard s ide  (-Yo) a t  s t a t ion  (Xo) 636 and one 

on t h e  port s ide (+Yo) a t  s t a t ion  (Xo) 693. The th i rd  is the  thermal control 

with the fourth being the wiring bom the UDA t o  the data bus coupler. 

3.1.4.1.4 Scar 
The scar weights are ,  a s  were a l l  cable weights, based on estimated lengths 

and cable s izes ,  with allowances for connectors and supports. R.I. supplied 

the cable lengths for Orbiter scar weights. The t o t a l  harness weight for scar 

is 37 l b  (16.8 kg). The thermal scar weight of 9 l b  (4.1 kg) was supplied by 

R. I. 

3.1.4.2 Center of Gravity and Ine r t i a  

The C G 9 s  and ine r t i a  values a re  referenced to Figure 3.1.4-1 and use the  

Orbiter coordinate axes and s ta t ions .  The data is summarized i n  Table 3.1.4-2 

using the same reference for  a l l  conf igva t ions  wi th  t h e  RHS CG in ter face  

being Xo = 715, Yo = -38, and t o  = 471. 

Tables 3.1.4-3 and 3.1.4-4 i l l u s t r a t e  two typical  PEP missions wi th  impact for  

weight and the Xo center of  gravity. The Spacelab I1 mission (Table 3.1.4-3) 

Figun 3.1 -4-1. PEP Coordinate Axes a d  SOtkn, 
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Table 3.1 .h-3. Spacelab I1 Weights and Xo Center of Gravity 

Event Landing Launch/abort 

Element Weight ( lb) '?3 Weight ( lb ) & 

Spaceltib 11 26,203 967 8 28,492 973.3 

PEP 2,226 708.9 2,266 708 9 

Retention p~ntis ions 85 701.7 85 701.7 

subtotal 28,553 947.2 30,842 953-2 

Ballast 500 1,301.0 500 1,301.0 

Tatal 29,053 953 3 31,342 958 7 

X Margin ( in*)  + 4.0 0.0 
0 

Tcble 3.1.b-4. Spacelab I11 Weights and Xo Center of Gravity 

hrent Landing Launch/abort 

Element Weight (lb) xo Weight ( lb) *o 

28,683 Spacelab I11 1,001.2 30 , 599 1,005.1 
- 

- 
. - . - .  

PEP 2,265 708.9 2,266 - 708.9 . ' -  

F - 
Retent ion provisions 85 701 7 85 - -  701.7 

32,949 984.0 .- r Subtctal 32,033 979.1 

Ballast - - 
~ o t d  31,033 9?9.0 . 32,949 . 58h.o- . 

. . . - -  . . 

Xo Margin (in.) +2i.6 - - -  - .  +19.6. - .- 

is less than the 32.MH)-lb (14.500 GI l.odi&iiborb . . limit with apiroxhately .> 

500 l b  (227 kg) of ballast being re;quirad Stetion 1-301 t o  bring the  Xo CG 
- - 

for Jhutfle cargo. spacelab 111 (T~ble  3.1.4-4 -Xo CGir are well within the 

-not .a $oblm beceuse the-~lann'cd landing wight is 31.033 l b  ( 14, I06 kg) with .- . - -. - -  - 
-. - 

.- - - -  %P, A- pbssible source of ballaat oould inolude the loading of extra Orbiter 
OKS propellant. For SpaceIab I1 .type ~aissions, such ballast would eliminate 

- the ad~ i t ion  of special ballast-mornting p o v  isions. 



3.1.4.3 Weight-Saving Options 

Tabie 3.1.4-5 is a list of potential weight-saving options. Each item should 

be also evaluated f i r s t  for cost and then i n  order of i ts respective dollars/ 

pomd to determine the most cost-effective options. 

Table 3.1.4-5 Potential Weight-Saving Candidates 

Composite structure 

Wing box 

Mast/canister 

Canister pivot assembly 

ADA 

PRCA 

Mast inter face linkage 

Solar array 

Cell thickness (6  tu 4 m i l s )  

High-efficiency OCLI c e l l s  

Hiscellancous 

Eliminate RUS cable shroud 

3.1.4.4 Summary 

The December 1978 weight of 2,010 l b  (914 kg) and the primary reason for 

change are listed i n  Table 3.1.4-6. The primary eleaents of change were the 

stroagback design, subcontractor definition of the wing boxes, incorporation 

of the diode boxes, and redefinition of the voltage regulators. 



Tab;? 3.1.4-6. Initial to Reference Design PEP Weight Comparison - 
Reference 

Initial design A 
weight weight Weigllt 
(lb ) (lb) (lb? Remarks 

Solar array 

580 61 5 Initial from Seps - 
*35 subcontractor redefined 

Blanket assembly 

Solar array wing 
box assembly 

Solar array mast 
as s embly 265 256 -9 Miscellaneous 

Solw array sup- 
port struct 
assembly 

9 3 126 +33 Integral wing box to 
strongback design 

61 68 +7 Added design definition Power reg equip- 
ment support 
struct assembly 

Solar array 
canister support 
mechanical 

Z-axis solar 
array drive gim- 
ha1 assembly 

Fower distribution 
and regulation 

97 +10 Incorporation of diode 
boxes and eliminhtion 
of J-boxes 

Power dist 
equipment 

432 +93 Added design definition 
of voltage regulatws 

Voltage reg 
equipment 

Distribution 
cables 

169 +40 New power dist equip- 
ment defiqition and 
incorporation of R.I. 
data 

RMS power cable 
assembly 

90 101 +11 Spar definition 

61 44 -16 Smaller cold plates 

9 2 92 - - 
Thermal control 

Avionics 

Total weight 
(lb) 2,010 2,266 +256 



3.2 SUBSYSTEX DESCRIPTION 

- - 
3.2.1 Electldcal Power Subsystem 

The function of the  PEP e l e c t r i c a l  power subsystem (EPS) is t o  generate 
11 

e l e c t r i c a l  power on-orbit *om incident so la r  energy and dellver  26.82 kW 

gross t o  t h e  three Orbiter e l e c t r i c a l  bus systems at vol+Yages compatible with 
' J 

+,he Orbiter c i e c t r i c a l  requirements and t h e  f u e l  c e l l s  when they are operating - 1 

i n  the  x n g e  of approximately 3. t o  12 kW each. The basic elements of the  

system a re  a gimkeilled so la r  array, voltage regulators, and miscellaneous 

power cables ar.d d is t r ibut ion equipment. 

3.2.1.1 Elect r ica l  Power Subsystem Requirements 

The principal  EPS requirements a re  summarized i n  Table 3.2.1-1. The di f fer -  

ence between gross and net output power is 0.200 kW of pa ras i t i c  power allowed 

for  operation of PEP. PEP power has frequently been quoted at t h e  load buses 

or t h e  payload interfaces.  The differelice between t5is location and t h e  PEP 

interface with the  Orbiter i s  Orbiter cable and dis t r ibut ion losses,  which 

correspond t o  an efficiency of 97.7%; PEP output should be specif ied a t  the  

PEP in ter face  where t h e  gross requirement i s  26.82 kW ( the  system actual ly  

delivers 26.90 kW as  w i l l  be discussed l a t e r ) .  

The PEP power output must be delivered i n  three  i sola ted  blocks, each of 

which o p ~ r a t e s  i n  pa ra l l e l  with an Orbiter fue l  c e l l .  The loads associated 

with each of these three blocks a re  not well-known and w i l l  change from 

Ass ion  t o  mission. Consequently, it i s  necessary t o  have t h e  capabil i ty t o  

real locate between missions varying proportions of t h e  t o t a l  PEP output t o  

each of the  three blocks i n  increments of 1% of the  t o t a l  (e.g., 0.2682 k ~ ) .  

Each of the  three blocks must be designed t o  handle more than 38.1% of the  

t c t a l  (e.g., 0.381 x 26.82 kW = 10.22 k ~ ) .  

The steady-state voltage regulation should not exceed 33.0 V eat the  load 

interface i n  the  event of f a i l u r e  of the  normal voltage regulators. Nominal 

voltage regulation i s  32.5 t o  32.7 V when PEP i s  sharing with the  fue l  c e l l s  

operating a t  1.0 kW each. Voltage regulation f o r  fuel-cell sharing is  i n  

the  range of 27 t o  32.5 V when PEP output capabil i ty is exceeded. The PEP 

l i f e  requirement i s  80 missions over a lo-year period a t  a typic@. duration 

of 1 4  days each; hence, the  on-orbit l i f e  requirement is 3.07 years. 



Table 2.2.1-1. PEP TWS Requiremerits (Page 1 of 2) 

Item Requirement 

Orbit a l t i tude ,  krn 

Orbit incl inat ion,  deg 

Sun angle, R ,  deg 

Array shadowing, :d 

Output power, grosslnet kw 

Load buses 

0 PEP i n t e r f ~ c e  

a ;flodulwity/flexibility 

- Number of i so la ted  blocks 

- Capsbility of each block 

- Block adjustment increment 

Maximum pa ras i t i c  power, kW 

Steady-state voltage regulation") . V 
0 2rhcimum ( f a i l w e  modes) 

0 Voltage regu1at.m mode 

0 Power tracking and current l imi t ing  
modes 

0 Regulation adjustment increment 
(remote) 

Transient voltage regulation, V 

Life 

0 Operational period, years 

0 Missions per year 

Average mission duration, days 

Storage 
0 VAB, hours 

IIzngar S o r  OPF, years 

Array deployment/retraction/lockup 

0 Time, minutes 

0 Powsr ( 2  wings) 

Orbiter compatibility 

1854,110; 407 nominal 

28.5-104 ; nominal 28.5 

0 t o  2127; 50 notdnal 

0-100 a t  c r b i t  r a t e ;  0 nomina l  

3 minimum 

30.1% of' t o t a l  nominal 

1: of t o t a l  

0 200 

+0.3, -0.5 recovering t o  within 
steady-state regulation band i n  
5 msec 

6 maximum 

5.0 A a t  18-33 V 

Minimum impact and scar  



Table 3.2.1-1. PEP EPS Requirements (per83 2 of 2) 1 
Requirement - Item 

RhE power harness Must not r e s t r i c t  RMS functions 
Pemovable/installable i n  f i e l d  

I 
In-flight separation provi~dons  
a t  en6 ef fec tor  and base of I : - 
shoulder 

Power d is t r ibut ion  L'-atible with Orbiter  th ree  bus/ 
fue l  c e l l  system 

Power c i r c u i t  grounding Single-point ground i n  a r b i t e r  bay f .  
EMI: Meet Orbiter specs I 
Instrument a t  ion Provide su f f i c i en t  infordat  ion t o  .- 

t h e  Orbiter Am displays t o  allow 
- 

i 
manned supervi5on of t h e  EPS 

3.2.1.2 E lec t r i ca l  Parer Subystem Performance - - 
i 

The PEP EPS requireuent i s  t o  le l iver  26.82 kW minimum t o  t h e  P.EP/Orbiter ! 
, , 

interface.  The capabi l i ty  of t h e  next in teg ra l  number of array panels per  ! . 
: . -  . 

wing yields a PEP system power capabi l i ty  of 2 6 . 9 ~  kti' t o  t h e  interface.  This  , - 

. . 
i s  suff ic ient  t o  support a 1 4 - k ~  Orbiter load and a 15-kW payload requirement 

(ne t )  when the  PEP output is combined wit.h 1.0 kW from each a f  the  three  fue l  

ce l l s .  . m 

'i'i~e FEZ system performance i s  depicted i n  Figure 3.2.1-1 f o r  several  values 

of 0. The design point case of 26.90 kW is  for  B = 50 deg at the  midpoint 

of the  illuminated period o f t h e  o rb i t .  The Dower a t  0 = 90 deg is  continuoils 

a t  27.97 kW. The minimum a t  B = G deg i s  25.55 kW; t he  desigr, point value is 

approximately the  average value f o r  t h e  illuminated period of t h i s  orbi t .  

The 26.90-ki~ design point value degrades t o  apprtiximately 25.0 kW EOL f o r  t h e  

ETR version . ZP a t  t h e  end c f  t h e  10-year oyerat ional  period (3.07 years 

on-orbit ) . 
'.The PEP voltage regulation performance conforms t o  t h e  requirements discussed -. . 

above. Means a r e  provided f o r  protect ing t h e  Orbiter buses froni overvoltage 

o r  short c i r c u i t s  wh'ch may d e v e l o ~  i n  the  PEP EPS. 
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F i i m  2.2.1-1. PEP Power Output PMformrnca 

Power ava i lab le  t o  t h e  load buses can bc r e a l l o c ~ t e d  up t o  105 above o r  

below nominal on a mission-by-mission b a s i s  t o  accommodate changes i n  bus 

loads. 

3.2.1.3 Major Trades and Anslyses 

3.2.1.3.1 PEP/Orb it e r  In tegra t ion  Opt ions 

A t radeoff  ana lys is  was conducted t o  evaluate a l t e r n a t i v e  options of  e l e c t r i -  

c a l l y  in te r fac ing  v i a  t h e  Q r 3 i t e r  t o  cont ro l  t h e  fuel c e l l s  t o  1.0 kW each 

while s taying within t h e   biter maximum v o l t x e  l imi ta t ion .  The performance 

of t he  Orbi ter  f u e l  n e l l s  and the  PEP system ( v ~ l t r - g e  regulator  and shunt 

l i m i t e r )  i s  shown i n  Figure 3.2.1-2. The nominal operating point  i s  t h e  

in te rsec t ion  !at a c m o n  vol tage)  of t h e  f u e l  c e l l  c u r r e  and t h e  dashci 

i i n z  representing t h e  midpoint ?f t h e  regulator  operat ing band, f u e l  

c e l l  i d l e  p Iwer i s  adJusted by r a i s ing  o r  lowering t h e  regula tor  band. The 

~ ~ ' d p o i n t  of t h e  voltage regulator  band must be 0.4 V below the  maximum 

allowable steady-state vol tage (33.0 V i n  t h e  example) t o  provide a d i s t i n c t  

operating region f o r  t h e  shunt l imi t e r .  



-REGULATORBAND ---..-.-- 
325 NOMINAL BUS VOLTAGE 

PREDICTED 

1 .o 
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AVAILABLE BUSCURRENT (AMPERES) 

Figure 3.2.1-2. PEP md Orbiter Fuel Cell Volt- Ropulrtion for 33 V Bus Limit 

k summary of t h e  ti-,ode r e s u l t s  is  p m s e n t e d  i n  Tsiile 3.2.1-2 f o r  t h e  t h r e e  

key op t ions ;  t h e  v o l t a s e s  i n  pnrentheses  are t h e  maximum a l lowa? le  O r b i t e r  

load  voLtsl;es. The J-box/spl ice ,  aft  PCA 4 scheme, is s v a r i a n t  of t h e  scheme 

deriVc6 i n  t h e  PI-evious phase of t h e  PEF s tudy;  an advar.tage c f  t h i s  appraach 

is  t h a t  i::dSif isx!.io;is t o  tiie n s i n  d i s t r i b u t i o n  assembly  I IDA) a:-e no t  requ i red .  

Iiouevei-, tiie 1:lission d u r a t i o n  disadvsntngcr; were a l s o  recoc;nizeci l a t e  i n  t h e  

p x v i . x s  s tudy  phase mii u t i l i x t i o n  of t h e  bIDA1s was discussed wi th  JSC 

personnei st : iie Nover:lber 197s f i n a l  review. Rockwell personnel  were quer ied  

i n  e a r l y  iw.usry about t h e  p o s s i b i l i t y  of t y i n g  t h e  power and sensor  l e a d s  

i n t o  t h e  O r b i t e r  n t  o r  xiear t h e  f u e l  c e l l s ,  t h i s  scheme was subse;!uently 

sdopted,  by mcdifyini. :he FDA's, nt;d j s t h e  currefi t  I n t e r f a c e  D e f i n i t i o n  

Dx!w:ent (IDP! E ~ ~ ~ O C I C ~ .  T'ne maxinun a l lowable  O r b i t e r  load  i n t e r f a c e  

( b u s )  v2 l t age  was s e l e c t e d  t o  be 33.0 V because of t h e  mission d u r a t i o n  

advanta;:es arid t h e  system comp1e::ity d isadvantages  of t i le a l t e r n a t i v e  d iode  

api'roaci: ( s e e  Valwne 3 ,  Sec t ion  2.6, for  more information on t h e  diode and 

o t h e r  ~ p t i o n s ) .  



Table 3.2.1-2. PEP/Orbiter Intewat ion Option Summary 

J-box/aplice 
aft PCA 4 IDD IDD 

Item (32 V) (32 V) (%32.7 V! 

FCP power (average) , kW 2.01) 1.66 1.0 

PEP power output ( PDB) , kW 2b.2 26.0 ~28.1 

Mission duration 15.6 17.0 19.8 

Weight, l b  714 776 776 

Array blanket cost ,  $ M 6.08 6.61 7.14 

Note: Bus A, B, and C at L.67 kW each plus 15  kW t o  Spacelab 

As the  FCP average power goes down, the  PEP system o u t p ~ ~ t  power, and hence 

so la r  array cos t ,  rises as shown i n  Table 3.2.1-2, f o r  a constant 29.0-k\i 

load requirement. The array blanket cost  represents the  blanket recurring 

cost  fo r  a s ingle  PEF' system. The weight includes the  blanket weight and 

a d e l t a  ( A !  f o r  w i r e  and re la ted  d i s t r ibu t ion  ecpipment. 

In summary, t h i s  t rade  resulted i n  t h e  se lec t ion  of a 33.0-V bi;s voltage 

l i m i t  and support f o r  the  select ion of  t h e  I D D  approach, i n  conJunction with 

Rockwell's analysis  of i n t ~ r f a c e  a l te rnat ives .  

Segulator Type and Eff.i.ciency 

A t rade  s t u Q  of d i f ferent  regulatar  types was performed and the  pulse-width- 

nodul,sted b ~ c k  type wzs selected !'or the  PEP application. This type of 
regulsxr with :-econt.1~ developed proprietary bDAC iow l o s s  snubbers 

approaches 92; overal l  erf-,,ency at the  design operating point. The 
reference EPS w a s  sized using an efficiency of 90% as shown on t h e  design 

requir*r!.!ents summary i n  Table 3.2.1-3. The higher indicated eff iciency 

using thc new snubbers w i l l  s igni f icant ly  reduce regulator  heat reject ion t o  

the  Orbiter  coolant loop. 



Table 3.2.1-3. PEP P m r  Regulator Design Requirments 

Rated input voltage, Vm 117 vol ts  

Hsximum input voltage, VM 239 vol ts  

Rated output voltage, Vo 33 vol ts  

Voltageregulation(at0rbiter 32.5to32.7vol ts  
main bus) 

Maximum output voltage ripple 0.1 vol ts  peak t o  peak 

Rated output current, IO l'r5 amperes 

Rated output power, Vo X IO 4.8 kilowstts 

Efficiency a t  rated Vm, Vo 

and I,, 
Maximim output current, 5 160 amperes 

Maximum output power, Vo X 5 5.3 kilowatts 

Loss of remote voltage sensing Revert t o  internal  reference and 
c i rcu i t  operate a t  lower output voltage 

Peak power tracking Track solar arrsy peak power point 
within 2% fbr -output currents l ess  
than regulator current l i m i t  s e t  point 

Electromagnetic interference Meet Orbiter specifications 
( m a )  
Heat re ject  i m  To cold pla te  a t  TBD OC 

and control (PDC) breadboard. The low loss  snubbers became available l a t e r  

and w i l l  be considered for  use i n  f l i gh t  un i t s  t o  increase overall  system 

efficiency. Microprocessor-based control i s  used t o  perform peak power track- 

iug and other computational/programmable control and protection f'unctions. 

Extremely good regulation is  achieved. This i s  part icularly important because 

the PEP design requires close control of voltage a t  the Orbiter fuel  c e l l s  

during sunlight operation t o  maximize mission durations. 

3.2.1.3;3 ' Regulator Failure Modes and Effects (FMEA) 

An analysis was performed t o  determine the effects of regulator fa i lure  modes 

3 on EPS perfmmance. Emphasis was placed on analyzing fa i lu res  which could 

lead t o  bus overvoltage and on incorporating the necessary provisions i n  

regulator/EPS protection design t o  prevent bus voltage from exceeding 

specification l imits.  



The regulators, together witk t h e i r  ded ic~fed  solar  array sources and 

paralleled fuel  c e l l  on t he  output, wel, modeled and analyzed fo r  transient 

behavior using the  SPICE computer program. Almost all fa i lu re  males 

identif ied resulted i n  fail-operational conditions. For cases involving the 

loss  of one of the  two regulators on a bus, the  paralleled fuel  c e l l  must 

make up f o r  the l o s s  of power, with corresponding reduction i n  mission 

duration. 

Section 2.7 of Volume 3 provides fmthe r  data on MDAC regulator uork. 

3.2.1.4 Ele t r i c a l  Power Subsystem Description 

The function of the  PEP e lec t r ica l  power subsystem is t o  generate e lec t r ica l  

power on-orbit from incident solar energy and deliver 26.82 kW gross t o  the  

three Orbiter e lec t r ica l  bus systems a t  voltages compatible with the  

Orbiter e lec t r ica l  requirements and the  fue l  ce l l s  when they are  operating 

i n  the  range of approximately 1 t o  12 kW each. The basic elements of the  

system are a gimballed solar  array, voltage regulators, and miscellaneous 

po;rer cables and distr ibution equipment. 

3.2.1: 4.1 Subsystem Description/Pover Flow 

Figure 3.2.1-3 shows the  major elements of the  system and the  power flow 

through tke  system, which delivers 29.08 kW of net power t o  the  Orbiter buses 

and payloads. The PEP gross power is 0.200 + 29.98 - 3.0 kW = 26.28 kW t o  the  

load interfaces or 26.4d kW at the PEP interface connectors, where 0.200 kW is 

an all~wance fo r  the PEP parasit ic load and 3.0 kW is  the t o t a l  contribution 

of the three Orbiter fue l  cel ls .  The nominal power and voltage at various 

locations i n  the  system are  shown on the  diagram. The array output (input 

t o  the array isolation diodes, diode assembly box) is 32.88 kW or 16.44 kW 

for  each wing. System voltage is  controlled by the  voltage regulators t o  

the required 32.5 t o  32.7 V at the load buses/load interface by means of 

remote sensing cables; t h i s  system compensates fo r  voltage losses between 

:he regulators and the  load interfaces. 



Fiium 3.21-3. PEP E W i  Poww Symm 

The function of t h e  peak power tracker fea ture  of t h e  voltage regulator  

is  t o  control t h e  ~, lerat ion of the  array at its peak powsr point when load 

demands exceed array capabil i ty (e. g . , during overloads o r  arrqy shadowing ) . 
When t h i s  occurs, the  regulator  output voltage falls helow t h e  regulation 

band, permitting t h e  fuel  c e l l  output power t o  rise t o  meet t h e  load 

demand. Peak power tracker eff iciency losses  r e l a t e  t o  i t s  i n a b i l i t y  t o  

perfect ly t r ack  t h e  peak power point; these losses  result i n  the  need 

t o  oversize t h e  array but do not r e s u l t  i n  regulator heat reject ion.  

3.2.1.4.2 Distribution Interfaces/Schematics 

Distribution interfaces between PEP and Orbiter a r e  indicate2 on Figure 

3.2.1-4. Power and voltage sensing interfaces with Main A/FC 1 are shown 

a t  Stat ion Xo 693 on t h e  port side. Interfaces with Main B/FC 2 a d  Main 

C!FC 3 are  at Stat ion Xo 636 on the  starboard side. Power is supplied t o  

each in ter face  from an isola ted  bus i n  the  PEP power-distribution box. 



ISTRIBUTION BOX 1 
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I @ - ARRAY REGULATOR SENSING CIRCUIT 
- PIP COYYER RETURNS GROUNDED TO 

SlllUCNRE ON ORBITER SIDE OF 
INTERFACES 

Figura 3.2.14. Power Distribution Interfaces 

PEP pcwer i n t o  MDA 1 (lower l e f t  por t ion  of f i g u r e )  is pa ra l l e l ed  with f u e l  

c e l l  No. 1 t o  supgly Orbi te r  Main A loads d i r e c t l y  and Main C loads v i a  t h e  

t i e  bus t o  MDA 3. Power i n t o  MDA 2 supplies  Orbi te r  Main B loads i n  

p a r a l l e l  with up t o  5 kW t o  payload v i a  a new c i r c u i t  from !.IDA 2 t o  payload 

i n t e r f a c e  at S ta t ion  XO 603. PEP power i n t o  MDA 3 is pa ra l l e l ed  with f u e l  

c e l l  No. 3 ( i so l a t ed  from Main C )  and f e d  d i r e c t l y  t o  t h e  payload over 

ex i s t i ng  c i r c u i t s ,  with t h e  i n t e r f a c e  at S ta t ion  Xo 645. These c i r c u i t s  

provide t h e  payload with up t o  1 0  kW average power from dedicated sources 

i n  both t h e  Orbi ter  and PEP. 

Figure 3.2.1-5 shows rout ing of power and vol tage sensing cables  from t h e  PEP 

power-distribution box t o  t h e  Orbi te r  i n t e r f a c e  connector panels at S ta t ions  

X 693 and X 636. The power r e tu rn  cables  are shown grounded t o  s t r u c t u r e  
0 0 

on t h e  3 r b i t e r  s ide  of  each in t e r f ace .  The pos i t i ve  p o l a r i t y  cables  and 

the  twisted-shielded p a i r  voltage-sensing cables  continue on t o  t h e i r  

designated MDA' s. 
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Figure 3.2.1-5. PEP Power Distribution lnterfacas 

3. 2 .  1. h .  3 ;J~:. , ;~K: . - .  '-,-,- - , - ,  - ' I r b i t e r  Earness  Diagrarr. 

-. 
;. 1;:~:-e 3.2.1-6 : - ives  :in overview o f  Ihe  ?ZP D S  i n  e l e m e n t s q  diagram form. 

A l l  .-:-:;or har2uay-e i t e x  and cables!harnesses a r e  shown. 3 e f e r e n c e  t o  a v i o n i c s  

and c o n t r o l  i n  t h e  ~ i c i b a 1  a s s e n b l y  b lock  i s  f o r  mate-demate c o n t r o l  o f  t i le  
. . -  . 1 7 , - ~ ~ ~ i i 3 1  LA-,. a c t ~ ~ i a : . .  S i n i l s r l g - ,  t h e  r e f e r e n c e  i n  t h e  PXCA b l a c k  i s  f u r  

-; ,..,..: i L-. . t i 7  t!:e reZu?.,ian= s e p a r a t i o n  i n i t  i a t o r s  inonpyrotec':lni_' i n  t h e  two 

:i'.Y-?F:?.A i n ~ e r f  a c e  c s n ~ e c t o r s  ( in-f i i t ; i : t  d i s c o n n e c t s  ) . 

. . :; Sc..L":3rS. ,,:- ,,,, : i n c -  - - ..- ,.-st:.i'Uuti@!? . - c a b l e  :A l e n g t h s ,  nlun'oer m d  s i z e  of  w i r e s  i n  

ea-:. r u n ,  :in2 e ~ t i : : ~ a t e c i  we igh t s  from t h e  a r r a y  base  i n  t h e  wins  boxes t o  

Gr'ciier rt? ?aj.ioad i n t e r f a c e s  i s  s i v e n  i n  Tab le  3.2.1-4. 

3.2.1.. h . 1 1  S o l x -  A r m y  D e s c r i p t i o n  

A S U T L . . I ? ~ ~  o f  t h e  c h a r a c t e r i s t i c s  o f  a r e i r e s e n t a t i v r  s o l a r  a r r a y  wing concept  

( : -3AC rei-zrence i ' e s i i p  based  m an UISC exampl-) i s  p r e s e n t e d  i t 1  P i y u r c  3.2.1-7. 

T!ir f'5 nrray  co:,:i:-ts o f  a p a i r  o f  such wings,  each  o f  which i s  ~ ' o l d e d  accor-  

aim style ir:to 3 box f o r  l aunch  and dealoyed on o r b i t  by t h c  e x t e n s i o n /  

r c t r x t i a i :  cmst .  The power (16.4 kW, BOL, and n p p r o x i n a t e i y  1 5 . 2  !tV, EJ!., 



Figurn 3.21-6. PEP EPS Elementary D i i m  

fo r  the  PEP used a t  ETR) is generated by 50 so la r  c e l l  panels and conducted 

by a wire harness down each edge of t h e  blanlrot. Each o f  the  50 panels is 

folded i n  t h e  mic?dle and joined t o  the  next panel by a piano hinge. Blanket 

tension is uniform across the  blanket; it is  y aviied by two tension bottom 

springs. Two guide wires run the  length of the  panel t o  assure proper panel 

folding and locat ion in  t h e  array s tor~ .ge  container during re t rac t ion .  

The so la r  c e l l  assembly and blanket assembly is shown i n  Figure 3.2.1-8. The 

so la r  c e l l s  a r e  of the  high eff iciency (12.8% nominal, 28OC) hybrid type, 

2 x 4 cx in s i z e  with a back surface re f l ec to r  and a base r e s i s t i v i t y  of 1 - 3 1  

-cm. The c e l l  voltage a t  maximum power is  0.45 V and the  power output i s  

i7.4 mN/c/cm2 a t  2R°C. Welding i s  employed i n  the  example described above t o  

connect the  c e l l  ass?mbly t o  t h e  substrate;  repai r  i s  done by soldering. 



Table 3.2.1-4. Power-Distribution Cable Weights 

Run Number 
length of Wire Weight 

Cable run (ft) wires gWe ( l b )  

440 equiv 
( f l a t  cables) 

Array base t o  diode assembly boxes 2 Varies 

Between diode assembly boxes 11 

Diode a s s a b l y  boxes t o  gimbal 7 
assembly (excludes s l i p  r ing 4 
assembly) 

Along the  RMS 70 

RMS t o  voltage regulators 15 

Voltage regs t o  power d i s t  box (PDB) 2 

PDB t o  shunt regulators 3 

PDB t o  Sta  693 interface 20 

Sta 693 t o  structure ground 2 

Sta 693 t o  Main AIFC1 7 
PDB t o  Sta  636 interface 6 
Sta 636 t o  structure ground 2 

Sta 636 t o  Main B/FC2 20 

Main B t o  Sta  603 payload interface 5 
Sta 636 t o  Main C/FC3 6 
Main ClFC3 t o  Sta  645 payload 
interface 

(exist ing) 

Total cable weight 

3.2.1.4.4.1 Solar Array Options and Performance. lMSC and TRW are  designing 

PEP solar  array systems as depicted i n  t he  artist's concept of Figure 3.2.1-9. 

The T R W  system uses a spreader bar a t  the  top of t he  array with the  containment 

box l i d  and preload mechanism remaining with t he  stdrage container; t he  LMSC 

box cover and locking mechanism moves with the  top of t he  blanket. The LMSC 
. . . I systen; must be lengthened s l igh t ly  t o  increase i ts  power output t o  t he  required i 

16.4 kW, BOL. 

A summary of the  key e lec t r i ca l  characterist ics of three  solar-array wing 

options is  presented in  Table 3.2.1-5. The MDAC reference option i s  based 

on ea r l i e r  U!SC SEPIPEP designs (2 x 4 cm c e l l s ) ,  per decisions made at the  

PEP midterm review; PEP programmatics a re  Sased on t h i s  option. The LMSC 
.. . 
? .a 

option is a coccept recently conceived by LMSC t ha t  employs 5.9 x 5.9 nm ce l l s .  

60 -i ,: 
" a  . 

W C ~ L Y R L L  

I 
4 m u  - 



ITEM - 
OUTPUT-R 
VOLTAGE. V m  

V a  
BLANKET AREA 
BLANKET SIZE 
PANELS 
NOMINAL CELL SIZE 
CELUCOVER THICKNES. MILS 
CELL EFFICIENCY 
INTERCONNECTS 
CELL COVERS 
AOHESIVE 
CYCLE LIFE (OP3QR8lTI 

CHARACTERISTIC 

t&&W loL 
123 AT 6 0 0 ~  
no AT -XI% 
146 d 
3.04 X 37.8 m 
8 
2 X 4 m  
U6 
12.8% 
WELMD 
COATED M ICROSMEET 
Dcw.6#) 
160 CYCLES 

Figure 3.2.1-7 W a r  Amy Wing ChuwarrMiu (MDAC R . f m n a )  

(S I NGLE CELL FOR CLARITY) 

0.006-IN. COATED MI CROSHEET 
COVERSLI DE 

DC -93-5x1 
AD HES l VE 

0.008-IN, HIGH-EFFICIENCY HYBRID 
WRAPAROUND SOLAR CELL 

REXIBLE PRINTED CIRCUIT SUBSTRAIT 

FLEX I B LE 
SUBSTRATE DC-q3- /112-MIL KAPTON 
WITH I NTEGRAI. ' H-FILM1112 M I L  ADH 
PRINTED CIRCUI 
l NTECONNECTS COPPER CI  RCUlT 1-112 MI 

/' 

IL COPPER 
\ 112 - M I L  KAPTON 

H-FILMI l I2  M I L  ADH 
BLANKET CROSS -SECT1 ON AT SOLAR CELL 

Figure 3.2.1-8. Cross-Section and Exploded View of Solar Array Blrnket 
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F i r m  3.21-9. Sdu Amy Wing Optiocrc 

The T R W  option employs a higher efficiency solar  c e l l  (BOL), although the  

weight saving probably does not warrant the  additional cost and the  c e l l  

degrades more rapidly i n  the  space radiation environment. A similar weight- 

cost tl-ade option exis ts  for  microshcei; and fused-silica covers, a s  may be 

szen on Figure 3.2.1-10. The soldered conventional interconnect offers  mature 

technology, lower cell. cost, and inspectabil i ty and repairabi l i ty  a t  the  

expense of blanket assembly cost and higher allowable operating temperature 

( for  shadowing hot spots ) . 
Figure 3.2.1-11 summarizes the  key solar array performance and cost drivers 

that  require more detailed evaluation by the  solar  array suppliers and the  

FEP contractor i n  future PEP efforts .  

The performance of a typical  solar array building-block panel (an ea r l i e r  and 

s l ight ly  larger version of the  f i n a l  PEP panel) is presented i n  Figure 3.2.1-12. 

The power output i s  a f'unction of panel temperature. 



Table 3.2.1-5. Cheracteristics of Solar &ray Wing Options 

Characteristics @ 
m c  - 

Item ~efe rence@ TRW IMSC 

Power output (BOL) , kW 
Solar c e l l  size,  cm 

HE hybrid, 
~ ~ ~ 1 1 2 . 8  

Solar c e l l  type/ 
efficiency 0, % 

Shallow j c t  , BSF, 
BSR/14 

- 

voltage @ , v ~ / v ~ ~  
Blanket size,  m 

Blanket area, m 2 

Blanket weight, kg 

Cell cover type/ 
coatings @ 
Interconnects Welded 

wraparound 
Soldered 
conventional 

Welded 
wraparound 

Elastomer 
s t r i p / ~ r / S  
glass/epov 

Integral  r i b  Elastomer 
disc/Gr/~ 
glass / e~oxy  

1 Midterm decision, May 17 and 18, 1979; LMSC examp3 e 
2 8-MIL ce l l s ,  6-mil covers, DC93-500 adhesive 
3 HE = high efficiency; BSF = back surface f ie ld ;  BSR = Sack surface reflector 
4 Vbp = max power voltage (GoOC); VOC = -70°C OC voltage 
5 FS = fused s i l i c a ;  MS = microsheet 

3.2.1.4.4.2 Solar Array Selectim. 9si;ug the period pr ior  t o  the  PEP 

Request for  Proposal, MDAC w i l l  prepare a de%ailed procurement specification 

and Statement of Wor~ (SOW) on a solar arrey wing. Preliminary copies w i l l  be 

furnished t o  potential  subcontractors fo r  comments. The f i n a l  specification 

and SOW w i l l  then be released in  an RFP with proposals due back within 60 days, 

Ail evaluation w i l l  be performed and the selected subcontractor's proposal w i l l  

be included i n  the MDAC proposal fo r  the  t o t a l  PEP system. 

The detailed specification w i l l  include the  following: 

1. Solar arrkv w j n z  ilesign requirements, including output voltage, 

current and power, e lect r ical  connections, dark I / V  %est  ing , construction, 

service l i f e ,  etc. 
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0 la0 1 230 

2. B l a k e t  design requLSements, including t o t a l  vo l tag t ,  cur ren t  and 

power, modularity/interface, shadowing, instrumentation, s ize /a rea ,  weight, 

f l a tnes s ,  l i f e ,  s-corage, tension,  motion, plume loads,  e t c .  

3. Solar c e l l  design r q ~ i r e r - e n t s ,  includicg interconnection, performance 

matchicg, construction, coating, bonding, e t c .  

4. Cover s l i d e  design requirements, including coating, transmission 

charac: s r i s t i c s  , bon?.ing, e t c  . 
5 .  Solar a r ray  s torage box design requirements, iccluding envelope, 

asserridy, la tch ing  system, s t ruc tur i l .  loads,  i n t e r f aces ,  e t c .  

6. Deployment mast and c a n i s t e r  design requirements, including mast 

s t rength.  mast configuration cons t ra in ts ,  depJ.oyed length,  r a t e  and power, 

dynamic responses, l i f e ,  e t c .  

7 .  Mast and can i s t e r  mechanism design r e q u i r a e n t s .  

8. E lec t r i ca l ,  ~ : c h a n i c a l ,  and s t r u c t u r a l  in te r faces .  

5 .  Natural and induced environments. 

10. Qual i ty  assurance provisions, including development t e s t s ,  qua l i f ica-  

t i o n  t e s t s ,  and acceptance t e s t s .  



3 . 1 . .  5 Diode 1 7 ~ ; t : ~ i i b l ~  boxes ( ' h o  ~ e ~ u i r e d )  

'itie diode assembly bi~se:: con ta in  t h e  blocking diodes  requ i red  t o  e l e c t r i c a l l y  

i s o l a t e  and t \rminntc txch s o l : ~ r  RI-I '~J  s e r i e s  s t r i n g .  Each box a c c e p t s  or,e- 

half of the s e r i e s  s tr ims from each s o l ~ r  a r r a y  w i n g .  The s t r i n g s  a r e  bused 

t o ~ e t h e r  a t  t h e  output  ( ca thode)  s j l e  of  t h e  d iodes  t o  form p a r a l l e l e d  groups 

a s  r equ i red  t o  matc4 bus l o a d  da:uiits. 

'J:e diodes a r e  pack,wed i n  modules which meet O r b i t e r  environmenteJ 

s p e c i f i c a t i o n s .  E:rch n~odule  con ta ins  f i v e  diodes.  I".e output  of  each diode 

i s  connected t ?  s junct ion rnodde f o r  p o r a l l e l i w  wi th  o t h e r  d iodes  t o  form 

a power bus. Three paver buses a r e  r r o v i d e d ,  each ded ica ted  t o  supply a  

s e p a r a t e  v o l t w e  ree;ulator.  Provis ion i s  a l s o  made t o  reconnect  a number of 

diodes from m e  bus t o  anot!ier. I n  a d d i t i o n ,  in te rconnec t  wi r ing  is  provided 

between t h e  two boxes and te rminated i n  Jurict ion modules which can accept  

d iode c i r c u i t s  from one box f o r  connection t o  des ignated buses  i n  t h e  o t h e r  

bos. This f e a t u r e  provides  t h e  c a p a b i l i t y  t o  a l l o c a t e  p r i o r  t o  f l i g h t  a t  

l e a s t  19; or' t h e  nominLd power of any one bus t o  any o t h e r  bus i n  e i t h e r  box. 

The pover c a i d ~ i l i t y  o f  any s i n g l e  bus is  l i m i t e d ,  however, by i t s  downstream 

vo l t age  re t ;u ls tor  tc.  1i7';, above t h e  nominal rat in^. 

The genera i  arr.mge~nent o f  modules i n  t h e  d iode  ~ s s e m b l y  box i s  i n d i c a t e d  i n  
.. . : l < : u l - c ~  .<..'. 1-1 ;. 

FUNCTIONAL 

C I M0 AL POS To 1 3 w ,  
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NO. 2 
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J T  = JUNCTION MODULE, TERM1 NAL 

Figure 3.2.1-13. Diode Assembly Box 
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1 4 X 2 0 X 4 1 N  
* PASS I  VELY COOLED 



:. 2.1.4.6 - Voltage Regulators (Six ~ e q u i r e d )  

The PEP voltage regula tors  convert raw s o l a r  a r ray  vol tage t o  regulated 

u t i l i z a t i o n  voltage. I n  addi t ion ,  they perform t h e  important funct ion of 

cont ro l l ing  Pdel c e l l  output t o  i d l e  power l e v e l s  by remotely sensing and 

closely regula t ing  t h e  vol tage at t h e  f u e l  c e l l  terminals.  Each regula tor  is  

supplied from a de t ica ted  ( i s o l a t e d )  sec t ion  of t h e  s o l a r  array.  The 

regula tors  are pa ra l l e l ed  i n  groups of t w n  i n  the  power li . . ion box. Each 

para l le led  p a i r  suppl ies  one of t h e  t h e  t h r e e  i so l a t ed  buses i n t e r f ac ing  with 

the  Orbi te r  EPS. Pulse-width modulation (PWM) cont ro l  i s  used t o  regula te  

output volttrge. Each regula tor  i n  t h e  f l i g h t  configurat ion incorporates  a 

microprocessor which performs pesk power t racking  and s e l e c t i v e  prot$ct ion 

and control  funct ions.  Under n o r i a l  operating conditions (array power 

capabi l i ty  g r e a t e r  than bus load dezand), t h e  regula tors  share load equally 

t o  regulate  t h e  bus voltage. When load demand zxceeds a r ray  capab i l i t y  and 

bus vcl tage starts t o  drop, both regula tors  opera te  i n  t h e  peak power 

tracking mode t o  de l ive r  maximum avai lab le  a r r ay  power t o  t h e  bus. The 

d i f fe rence  between load demand and ar ray  capab i l i t y  i s  made p by t h e  f u e l  

c e l l  operating i n  p a r a l l e l  with t h e  regulators .  

If one r egu la t c~ r  fails, t h e  remaining uni t  ocera tes  autonomously. It w i l l  

regulate  t h e  b~is up t o  i t s  maximum current  capab i l i t y  o r  t h e  power capab i l i t y  

of i t s  dedicated prrqv sec t i cn ,  whichever occurs f i r s t .  

F ie  r e g u l ~ t o r ~  inccrporate  c i r c u i t r y  t o  de tec t  sustained overvoltage and 

o v ~ r l o a d s  and u t i l i z e  t h e i r  microprocrssor t o  r e l i e v e  these  conditions 

i:: s preprogrammed controlled manner. The arrangement an3 loca t ion  of 

con?onents i n  t h e  f l i g h t  r-.gulators i s  optimized f o r  maximum heat t r a n s f e r  

t o  the  base s t r u c t u ~ e .  The base s t ruc tu re  is  cold-plate mounted t o  t h e  

Orbi ter  coolant loop f o r  e f f i c i e n t  heat removal. Regulator dimensions a r e  

20 x 18 x 5 in .  ; each regula tor  weighs 68 l b  (30 .9  k6)* 

3.2.1. )I .  7 Power-Distribution Box 

The F3? con%rols t he  d i s t r i bu t ion  of power from t h e  PEP voltage regula tors  

t o  Orbi ter  main d i s t r i bu t ion  assemblies bDA1, MDA2, and MDA3. I t  a l s o  

accepts the  PEP system a c t i v a t i m  command from Orbi ter  hardwire i n t e r f ace  

c i r c c i t s  and turns  on the  PEP MDN assembly by applying 28-volt input power. 



The PDB c ~ n t a i n s  t h r e e  i s o l a t e d  power buses,  each s u p p l i e .  ;y two PEP v o l t a g e  

r e g u l a t o r s .  Power con tac to rs  a r e  provided t o  swi tch each r e g u l a t o r  on o r  off  

t h e  bus. Power connectors wi th  i n s e r t s  f o r  f o u r  0-gage conductors a r e  

provided f o r  t h e  power c i r c u i t s  t o  each O r b i t e r  MDA. Addi t ional  connectors  

a r e  provided f o r  t h e  s i x  r e g u l a t o r  remote voltage-sensing c i r c u ~ t s ,  O r b i t e r  

and PEP hIDb1 c i r c u i t s ,  dual  redundant c i r c u i t s  t o  t h e  dua l  redundant ( i n i t i a t o r s  ) 

f o r  t h e  two PEP power c a b l e  i n - f l l g h t  d isconnects  a t  t h e  base of t h e  F W ,  

c o n t r o l  and power c i r c u i t s  f o r  t h e  t h r e e  shunt r e g u l a t o r s ,  and t e s t  func t ions .  

The PDB a l s o  con ta ins  cur ren t  moni tors ,  relays, hybr id  r t l a y s ,  and fuses  f o r  

requ i red  ins t rumenta t ion ,  c o n t r o l ,  and p r o t e c t i o n  f u x t i o n s .  Cooling i s  by 

given i n  Figure  3.2.1-14 ( l o g i c  c i r c u i t r y  f o r  d i a g n o s t i c s  and c o n t r o l  i s  no t  

shown). 
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PHYS l CAL 
l 1 REQ!IIRED 
l 73 LB 
M X 1 8 X 6 I N .  

PASS I MLY COOLED 

Figure 3.21-14. Power Distribution Box 

3.2.1.4.8 Shunt Regulators ( ~ h r e e  ~ e q u i r e d )  

The shunt r e g u l a t o r s ,  sorr.et;..;es r e f e r r e d  t o  a s  shunt l i m i t e r s  o r  simply 

shun ts ,  provide  backup overvol tage p r o t e c t i o n  f o r  t h e  OrSit  - buses." One 

shunt reg t l l a to r  i s  connected t o  each of t h e  t h r e e  buses i n  tile PDB. Normally, 

Li~e r e g u l a t o r s  a r e  dormant. If b vol tage  above a p r e s e t  t h r e s h o l d  i s  sensed 

a t  en O r b i t e r  bus ,  t h e  s p p r o p r i s t e  shunt w i l l  be enabled t o  t u r n  on and draw 

s u f f i c i e n t  c u r r e n i  t o  keep t h e  vo l tage  wi th in  a l lowable  l i m i t s .  

WCOONNELL DOUGLAS - -w 



The shunt regulator  i s  designed LO operate  at t h e  me;iim~m steady-state  

current  it could see under worst-case f a u l t  condi t ions f o r  severa l  hundred 

milliseconds. During t h i s  t ime, co r r ec t ive  ac t ion  w i l l  be taken autometically 

by t h e  protect ion system t o  c l e a r  t h e  f a u l t  and r e tu rn  t h e  shunt t o  i t s  

dormant s t a t e .  While t h e  shunt i s  e c t i v e ,  heat i, generated by t h e  flow of  

cur ren t  through t h e  cont ro l  element (pouer t r a n s i s t o r )  and load r e s i s t o r s .  

The chass i s  i s  designed t o  absorb t h e  t r ans i en t  heat load with acceptable 

temperature r i s e ;  no ac t ive  cooling i s  required. 

Shunt regula tor  c h a r a c t e r i s t i c s  a r e  sumaarized i n  Table 3.2.1-6. 

Table 3.2.1-6. Shunt Regulator Cha rac t e r i s t i c s  -- 
Functional Physical 

Normally dormant Three required 

Provides backup overvoltage pro tec t ion  8 l b  each 

Limited operat ing time 9 x L x 5 i n .  

Monitored f o r  possible  failure-mode Hardwired t o  PDB buses (no fuses)  
t un -on  

Active cooling not required 

3.2.1.4.9 RMS Harness 

Figure 3.2.1-15 (lower h a l f )  depic t s  rout ing of t h e  1 2  power cables  from t h e  

diode assembly boxes, across  t h e  gimbal s l i p  r i nps  and brushes,  t o  t h e  

umbilical connectors i n t e r f ac ing  with t h e  RMS. 

7'111 umbilical connectors are actuated by engagelrelease conmands from t h e  

TE? P!DL:. These com~isnds, and t h e i r  talkback c i x u i t s ,  a r e  ca r r i ed  by 

SFEE wiririg and go through t h e  ADA/RMS i n t e r f ace  connectors on t h e  grapple 

f is-Lure. The umbilical connector engage (mate) command i s  t ransmit ted a i t e r  

the  SFEE/grspple f i x t u r e  mechanical /e lectr ical  connections a r e  made and t h e  

re lease  (dens ie )  ccmmand is sent  before t h e  S?EE/grapple f i x t u r e  csnnections 

a r e  broken. 

*?ricary protect ion against  bus svcrvol tage i s  provided by the - a l t a g e  
regula tors ,  i. e . ,  by the  use of fuses  and software (microprocessor) cont ro l led  
internal  overvoltnge protect ion c i r c u i t s .  
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Figure 3-21-16. RMS Pomr Cable 

The upper h a l f  o f  t h e  f i g u r e  shows r o u t i n g  o f  t h e  harness  on t h e  o u t s i d e  sur- 

f a c e  o f  t h e  FWS, a c r o s s  t h e  wrist, elbow, and shoulder  j o i n t s  t o  t h e  two in-  

f l i g h t  d isconnects  a t  t h e  @LS/Orbiter i n t e r f a c e .  The conf igura t ion  o f  t h e  

harness  changes at s p e c i f i e d  t r a n s i t i o n  p o i n t s .  D e t a i l s  of t h e  ha rness  des ign 

developed by Spar Aerospace Products ,  Ltci., under c o q t r a c t  t o  MDAC a r e  given 

i n  SPAR-~.940, I s s s e  A. 

The i n - f l i g h t  d isconnects  a t  t h e  bhse o f  t h e  RMS shoulder  a r e  separa ted  on 

command f r o m t h e  PEP FDM. Each disconnect  i s  provided wi th  d u d  redundant 

nonpyrotechnic i n i t i a t o r s .  One enable /disconnect  command is s e n t  t o  a r e l a y  

i n  t h e  power-dis t r ibut ion box which a p p l i e s  28-volt power s imul taneously  t o  

one i n i t i a t . o r  i n  each disconnect .  Complete s e p a r a t i o n  o f  bgth  connectors  

should occur wi th in  5C' msec. Should s e p a r a t i o n  not occur ,  a second conunand 

i s  s e n t  t o  t h e  remaining i n i t i a t o r s  v i a  a redundant r e l a y  i n  t h e  power 2:s- 

t r i h u t i o n  box. 



3.2.2 S t ruc tu ra l /Hechan ica l  Subsystem 

The s t ruc tu ra l /mechan ica l  subsystem is defined a s  t h e  primary s t r u c t u r a l  e le-  

ments t h a t  provide  suppor t  and grouping o f  o the r  subsystem e l e a e n t s  and 

t r a n s f e r  f l i g h t  and grould l o a d s  to t h e  ( k b i t e r  bay s t r u c t u r a l  i n t e r f a c e .  In  

a d d i t i o n ,  t h e  mechanisms, bo th  mechanical and e l e c t r a n e c h a n i c a l  , which provide  

func t ions  o f  a r r a y  deployment, l a t c h 1  ng , suspension,  t ens ion ing ,  gimbaling,  

e t c .  a r e  p a r t  o f  t h e  s t ructura l /mechanica1 subsystem. me establ ishment  of t h e  

o v e r a l l  PEP arrangement/configuration is c l o s e l y  i n t e r r e l a t e d  to primary 

s t r u c t u r e  des ign ; t h e r e f o r e ,  c o n f i g u r a t i o n  o p t i o n s  a r e  repor ted  i n  t h i s  sec- 

t i o n .  De ta i l  requirements  f o r  a l l  subsystems a r e  conta ined i n  t h e  PEF System 

S p e c i f i c a t i o n ,  Volune 4. 

3.2.2.1 S t ruc tu ra l /Hechan ica l  Subsysetm Requ.irements 

A. Primary S t r u c t u r e .  The primary s t r ~ c t u r e  w i l l  a r range  and suppor t  

o t h e r  subsystem elemeqts and provide  an arrangement t h a t  can be stowed i n  t h e  

Orb i t e r  bay between t h e  a i r l o c k  and t h e  Spacelab and over t h e  s h o r t  tunne l  and 

provide l a t e r a l  c l e a r a n c e  f o r  both RYS arms. The dynamic envelope w i l l  be per 

Figure 3.2.2.1-1. The arrangement provides  f o r  momting t h e  ADA over  Spacelab 

p a l l e t s .  The PEP is compatible on a l l  p a l l e t  Spacelab conf igura t ion  and al lows 

mounting of t h e  ALP a t  any f o r e  and a f t  bay l o c a t i o n  ccmpat ib le  with RHS 

reach.  The s t r u c t u r e  w i l l  be designed to be a s  l i g h t  a s  p o s s i b l e  c o n s i s t e n t  

with afi adequate f a t i g u e  l i f e  and a minimun f a c t o r  o f  s a f e t y  o f  1.4. 

The deployable s t r u c t u r a l  element w i l l  be supported on t h r e e  t runn ions  which 

i n t e r f a c e  with t h e  deployment l a t c h e s  t h a t  a r e  mounted on t h e  b r idge  f i t t i n g s .  

The fixed assembly w i l l  be mounted on t h r e e  t runn ions  which i n t e r f a c e  with 

f ixed journa l s  on t h e  br idge f i t t i n g s .  The r e l a t i v e  motion between t h e  C r b i t e r  

bay w a l l s  and t h e  PEP assembl ies  w i l l  be absorbed through s l i d i n g  of t h e  PEP 

t runn ions  i n  t h e  s t r u c t u r e .  The b r idge  f i t t i n g s  w i l l  i n t e r f a c e  with t h e  

Orb i t e r  stand b r idge  f i t t i n g  a t t a c h  p o i n t s .  

B. Gimbal Assembly. The gimbal assembly provides two-axis t r a c k i n g  fo r  

tile deployed s o l a r  a r r a y .  The gimbal w i l l  be i n s t a l l e d  on t h e  ADA s t r u c t u r e  

and i n t e r f a c e  w i t h  t h e  RHS SPEE. The Alpha a x i s  w i l l  be capable  o f  continuous 

rot ia t ion.  The Beta a x i s  w i l l  have 90-deg minimun t r a v e l .  The gimbal assembly 

w i l l  con ta in  a s l i p  r i n g  assembly f o r  power and s i g n a l  t r a n s f e r  a c r o s s  t h e  

r o t a t i n g  i n t e r f a c e .  
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Figure 8.22.1-1. PEP System Stowed Maximum Dynunic Envelope 

C. Mast Assemblx. The mas t  a s s e m b l y  p r o v i d e s  t h e  e x t e n s i o n  and r e t r a c t i o n  

power f o r  t h e  s o l a r  a r r a y  b l a n k e t  a s  well a s  t h e  s t r u c t u r a l  s u p p o r t  o f  t h e  

b l a n k e t  i n  t h e  dap loyed  p o s i t i o n .  The mas t  d r i v e  a c t u a t o r  w i l l  h a v e  r e d u n d a n t  

m o t o r s  and d e p l o y  o r  r e t r a c t  t h e  a r r a y  i n  less t h a n  6 min. A manual  o v e r r i d e  

t h a t  c a n  be o p e r a t e d  b y  an  EVA a s t r o n a u t  w i l l  be p r o v i d e d .  The pwer consump- 

t i o n  o f  t h e  a c t u a t o r  w i l l  be  less t h a n  700 w a t t s .  The s t r u c t u r a l  s t r e n g t h  o f  

t h e  mast when dep loyed  w i l l  b e  s u f f i c i e n t  to w i t h s t a n d  VRCS p l u n e  l o a d s  a c t i v -  

i t y  on t h e  s o l a r  a r r a y  d u r i n g  a t t i t u d e h o l d  mode and l imi ted  maneuvers .  

D. - Mast C a n i s t e r  S u s p e n s i o n  and L o c k o u t  Mechanism. The c a n i s t e r  suspen-  

s i o n  and l o c k o u t  mechanism p r o v i d e s  a s p r i n g  s u s p e n s i o n  f o r  t h e  d e p l o y e d  s o l a r  

a r r a y  wing. The s p r i n g  s u s p e n s i o n  w i l l  lower  t h e  n a t u r a l  f r e q u e n c y  o f  t h e  

a r r a y  b o t h  i n  p l a n e  and p e r p e n d i c u l a r  to t h e  a r r a y  p l a n e  and l i m i t  t h e  bending  

moment i n  t h e  mas t  and t h e  b a c k - d r i v e  t o r q u e  on t h e  RMS j o i n t s .  The s u s p e n s i o n  

mechanism w i l l  i n c o r p o r a t e  a l o c k ~ t  d e v i c e  when t h e  mas t  is s towed .  

E. - W a B o x  Assembly. The wing box a s s e m b l y  p r o v i d e s  t h e  c o n t a i n m e n t  f o r  

t h e  stowed a r r a y  b l a n k e t .  It w i l l  a l s o  c o n t a i n  t h e  b l a n k e t  t e n s i o n  and t h e  

g u i d e  wire sys tem f o r  t h e  dep loyed  a r r a y .  The t e n s i o n  i n  t h e  dep loyed  b l a n k e t  



w i l l  be s u f f i c i e n t  t o  prevent  b lanket  c o n t a c t  with t h e  suppor t  mast dur ing  

dynamic e x c i t a t i o n  o f  t h e  b lanke t .  The mechanism f o r  compressing t h e  a r r a y  

blanket  and locking t h e  box cover w i l l  be p a r t  o f  t h e  wing box assembly. 

F. Payload Retent ion Latch. The payload r e t e n t i o n  l a t c h  w i l l  be a dual  

three-phase AC m o t w ,  remotely opera ted ,  mechanism which w i l l  suppor t  t h e  

a r r a y  deployment during launch and recovery,  and w i l l  upon command r e l e a s e  t h e  

u n i t  f o r  deployment on o r b i t .  The l a t c h  w i l l  i n t e r f a c e  with t h e  r a i l  o f  a 

s tandard Orb i t e r  b r idge  f i t t i n g .  

3.2.2.2 St ructura l /Mechanical  Subsystem Performance 

PEP is  ground-ruled f o r  i n s t a l l a t i o n  e s s e n t i a l l y  anywhere i n  t h e  O r b i t e r  ca rgo  

bay; however, its f o r e c a s t  p r i n c i p a l  l o c a t i o n  w i l l  be betwezn t h e  a i r l o c k  and 

t h e  Spacelab module above t h e  tunnel  on Spacelab miss ions .  This  p o s i t i o n  is 

est imated to provide  t h e  most c o n s t r a i n i n g  geometry and t h e  h i g h e s t  l o a d s  and 

was used f o r  t h e  PEP des ign  case .  

The l o a d s  c r i t e r i a  is based or, t h e  d a t a  presented i n  "Shu t t l e  Orbiter/Cargo 

s t a n d a r d s  I n t e r f a c e s , "  I C D  2-19001, Revision F, dated 22 September 1978. A 

review o f  pas t  S h u t t l e  payload s t u d i e s  r e s u l t e d  i n  t h e  s e l e c t i o n  of  a compan- 

ion n a t u r a l  frequency i n  t h e  10-25 Her tz  range a s  a goal .  

An in-depth a n a l y s i s  was not  p o s s i b l e  wi th in  t h e  scope o f  t h i s  s tudy.  For s i m -  

p l i s t i c  a n a l y s i s ,  and to e s t a b l i s h  weight va lues  r e p r e s e n t a t i v e  o f  t h e  upper 

l i m i t  o f  conservatism, t h e  s t r u c t u r e  was modeled a s  a torque box beam o f  

p l a t e s  and caps.  Standard s t i f f e n i n g  and l i g h t e n i n g  p r a c t i c e s  would reduce 

t h e s e  valiles by approximately 20 t o  25%. Sheslr web e l a s t i c  i n s t a b i l i t y  r e s u l t s  

in  f a i r l y  low al lowable  work; ng s t r e s s e s  and t h e r e f o r e  g r e a t e r  m a t e r i a l  th ick-  

ness  and weight than what would be seen i n  a t r u s s  s t r u c t u r e .  A box beam of  

machined a1 uninum o r  molded graphite-epoxy would dea l  almost exc l  us:vely with 

c o l m n  cond i t ions  and s i g n i f i c a n t l y  h igher  average work s t r e s s  a l l w a b l e s .  The 

t r u s s  approach is es t imated t o  show approximately 20 t o  30% lower weight than 

t h e  anal  yzed model . 
3.2.2.2.1 Array Deploy3ent Assembly S t r u c t u r e  

3.2.2.2.1.1 Loads. ;%e ADA is  based an t h e  concept o f  PEP providing s p e c i a l  

payload r e t e n t i o n  f i t t i n g s  t o  mount cm t h e  Orb i t e r  t r i d g e  f i t t i n g s .  These 

r e t e n t i o n  f i t t i n g s  a r e  s i zed  fo r  PEP'S low weidht and save  cons ide rab le  
s 
I 



chargable weight when cmpared wi th  the Orbiter1 s baseline retention f i t t i n g s ,  

which are designed for a maximuu weight payload. These special retention 

f i t t i n g s  also place the A D A ' s  trunnion location a t  s t a t ion  2 420 instead of 
9 

a t  the  Orbiter 's  baseline s ta t ion  Z 414.  his "ill allow the ADA t o  be 
0 

ins ta l led  over a Spacelab pa l l e t .  

For loads analyses, the ADA was modeled as a two-mass body with the  array 

blanket,  box, and integrat ion s t ruc ture  a s  a distr ibuted mass and the mast/ 

canister  and canister  support s t ruc ture  as a point mass. Figure 3.2.2.2-1 

shows t h i s  model. The indicated applied loads are  posi t ive sign for load ori- 

entation and the load values a re  1-g levels .  

Fiwre 3.2.2.2-1. PEP-ADA Andytial Model 

Examination of the load factor environment for Orbiter indicates tha t  the 

potent ia l ly  c r i t i c a l  f l i g h t  conditions are the l i f t o f f ,  the  terminal area 

energy management (TAEM) yaw maneuver, and the landing conditions. The ADA 

trunnion reactions were resolved for these three f l i g h t  conditions and are 

shown i n  Table 3.2.2.2-1. The result ing loads, shears, bending moments, and 

torques on the strongback s t ruc ture  were derived and are  shown i n  Table 



Table 3.2.2.2-1. ADA Trunnion Reactions 

Loads ( l b )  

Condition Fax F a~ Faz F ~ m  Fbz Fc z 

Li f to f f  +1,840 +1.150 -697.5 +1,, 840 +1,271.9 e ~ o 0 . 6  

TAEM yaw 

Landing -1,035 +1,150 -955.4 -1,035 -2,58C.6 -1,294 

-1,150 -J-,286.6 -2,249.4 

Table 3.2.2.2-2. ADA Design Losds Summary 

Loads 

Condition 

M 
?-..Ax 

( i n .  -1b 

Torsion 
( i n . - l b )  

Axial 
( l b )  

L i f t o f f  63,725 1,150 

YZ plane 1,437.5 102,152 

XY plane 1,840 125,185 

Landing 35,861 1,150 

YZ plane 2,415 168,677 

XY plane 1,035 70,414 

3.2.2.2.1.2 Design. With t he  strongback load condi t ions,  a design ana lys i s  was 

accomplished t o  ver i fy  the  e a r l i e r  weight bogies and est imates .  Both aluninun 

and graphite-epoxy composite mater ia l s  were examined. 

The composite design concept was a f u l l y  webbed s imp l i s t i c  torque box. The 

f i n a l  PEP rex'erence configurat ion resul ted i n  a strongback having a cross- 

sect ion which is nominally 17-in. t a l l  (Orbi ter  Z d i r ec t i on )  and I ?  i n .  wide 

(Orbi ter  X d i r e c t i o n ) .  

MCDONNELL DOUGLAS - 
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Flanges i n  the 12-in. wid th  ex tend the overal l  box width t o  15 i n .  For t h i s  

deanetry, the  sec t ion ' s  munents of ine r t i a  in terms of the  web or wall thick- 

ness about the  horizontal axis  is 2,553 t and about the  ver t ica l  ax i s ,  

1,512 t .  The box beam was analyzed as  a torque box of p la tes  and corner caps 

for beam bending. No attempt was made t o  optimize the  web design for 

s t i f fening or for lightening hole usage. The resul t ing  web shear loads and 

corner cap loads for the f l i g h t  conditions are  shown in  Table 3.2.2.2-3. For 

t h i s  approach, the web is c r i t i c a l  for shear buckling a t  very low s t r e s s  lev- 

e l s .  Shear buckling is generally more of a concern in composites than in al* 

minun. Panel parameters for e l a s t i c  i n s t a b i l i t y  i n  shear shows an allowable 

shear work s t r e s s  a t  approximately 3,000 ps i  for  intermediate s trength 

graphite-epoxy, which is selected for its shear allowable. The corner caps are  

well-stabil ized col mns  and a high-streng th , high-modulus graphite-epoxy form 

was selected which gave an allowable working sLress of 116,000 ps i .  The torque 

conditions are a strong contributor to  the box design compared with the  

bending and resu l t s  i n  a design wi th  f a i r l y  th ick  webs compared wi th  the s i z e  

of the corner caps. 

Table 3.2.2.2-3. ADA Web and Cap Loads 

Condition 

Upper/lower 
shear 

( lb / in .  

Sid.? 
shear 

( lb / in .  ) 

cap 
c o l m  

( l b )  

Li f tof f  233 199 8,696 

Landing 131 159 8,493 

The box beam was s imi lar ly  modeled it! aluninun. The web e l a s t i c  i n  ?.ability in  

shear resulted i n  working s t r e s ses  of approximately 3,660 ps i  for the upper 

and lower webs and a t  3,300 psi  for the s ide  webs. The corner caps were sized 

t o  the i r  colunn compression loads a t  a working s t r e s s  of 32,500 ps i .  Similar 

web thickness-to-cap ares r a t i o s  occur i n  both the cunpcsite and aluninun 

materials.  



The ADA i n s t a l l a t i o n  with the  Spacelab has minimal clearances from the 

Fpacclab m d u l a ,  the a i r l ock ,  the  tunnel ,  and the  Orbiter RMS. The 

configuration was o r ig ina l ly  predicated upon clearance a l loca t ions  for dynamic 

excursions and margins. A def lec t ion  ana lys is  of the ADA was performed t o  

e s t ab l i sh  the c r e d i b i l i t y  of the  o r ig ina l  a l loca t ions .  This ana lys is  was 

performed on the  assumption t h a t  dynamic data  would not be ava i l ab l e  within an 

opportu:?e period of time. The ana lys is  therefore  used only the  quasi-steady- 

s t a t e  load f a c t o r s  presented in  the  JSC 07'(00, Voluoe X I V  companion, the  

"Shuttle Orbiter/Cargo Standards In te r faces  ," I C D  2-1 9001, Revision F, Change 

28, dated 22 September 1978. 

For purposes of the def lec t ion  ana lys is ,  the ADA model was based on some mini- 

m u n  thickness assumptions to ascer ta in  the  epproximate upper-limit region for  

t he  def lec t ions .  Deflections were calculated t o  determine the  contr ibut ion 

from: 

A. Vert ical  and horizontal beam bending. 

B. Vert ical  displacement of beam due t o  end slope ro ta t ion  of the trun- 

nion and beam-end f i t t i n g s .  

C.  Vertical and horizontal beam def lec t ions  due t o  beam torque displace- 

ments. 

D. Lateral t r ans l a t ion  due t o  beam-end f i t t i n g  bending. 

E. Lateral def lect ion due t o  beam-end f i t t i n g  ro ta t ion  about trunnion 

from beam-bend ing slope changes. 

The mast c a n i s t e r s ,  i n  addft ion,  see def lec t ion  contributlclns from the f a c t  

t h a t  they have a greater  ro ta t iona l  arm with respect  to  the torque pivot cen- 

t e r  of the beam, the starboard trunnion. These de f l ec t ions  a r e  shown in  Table 

3.2.2.2-4. 

In genersl , the  design ana lys is  has shown t h a t  the ul t imate ADA s t r u c t u r e  k i l l  

exceed the or ig ina l  weight bogies by a small percentage and t h a t  o r ig ina l  

def lec t ion  clearance a l loca t ions  a re  more than adequate. 

3.2.2.2.2 Power Regulation and Control Assembly S t ruc tu re  

3.2.2.2.2.1 -- Loads. The configuration concept for  the  PRCA a l so  uses a non- 

Orbiter-baseline retent ion f i t t i n g  pa r t l y  for weight optirnizstion b u t  large1 y 



Type Amomt ( i n .  ) 

Vert ical  

3ox-beam bending - midpoint 

Box-beam displacement due t o  trunnion support ro t a t ion  0.131" 

dox-beam corner displacement dllt: t o  beam torque def lec t ion  0.102 

Box beam t o t a l  0 759 

illast/canister displacement due t o  - e m  torque def lec t ion  d .321k 

Box-beam bending - midpoint 

Eox-beam corner d isp lac taent  due t o  beam torque def lec t ion  

Box beam t o t a l  

Mast/cani>ter displacement due $0 beam torque def lec t ion  

Mast /cmis te r  t o t a l  

L a t  e ra1  

Box-beam displacement due t o  
s t ruc tu re  

sox-beam displacement due t o  
beam ben2ing change i n  t i p  

bending of trunnion support 0.122 

t runnior  support ro t a t ion  from 0.313 
slope 

Box-beam t o t a l  

because it is i ~ s t a l l e d  adjacent t o  t h e  Orbiter RMS s t a t i o n .  Special bl idge 

f i t t i n g s  a r e  required t o  provide a payload support a t  such a loea t ion ,  The 

PRCA supports a r e  a t  Orbiter s t a t i o n  2 408.5. This loca t ion ,  however, h d  
0 

l i t t l e  e f f e c t  i n  d&ermining the loads on the  support points  and w i t h  1 the  

PRCA ~ t r u c t u r e .  After the ana lys is  k ts completed, it was discovered t h a t  the  

Spacelab subsystems igloo for pallet-only missions could be located a t  the  

same in-bay s t a t i on  and t h a t  w r r e n t  de f in i t i on  placed ~ t .?  wper-clearance 



requirement higher than t h e  PRCA now accommodates. The PRCA beam would have t o  

adopt some fmn of arch g e m e t r y ;  however, t h e  amount should not  have a 

~ i g n i f  i c a n t  oearing on t h e  PRCA s t r u c t u r a l  t h i c k n e s s e s  and weight. 

The PRCA was modeled a s  a s t i c k  beam with s e v e r a l  poirlt masses i n  determining 

t h e  support  r e a c t i o n s ,  ?hea rs ,  bending moments, and torque l o a d s  on its s t ruc -  

t u r e .  Figure 3.2.2.2-2 shows t h i s  model. Tabla* 3.2.2.2-5 lists t h e  v a r i ~ u s  

loar 's  fo r  t h e  f l i g h t  cond i t ions .  

.I x A Y a z WEIGHT 
ITF' - - (IN) (IN) (IN) I LBt 

REFERENCE ORIGIN FOII A X, 3 Z IS A-0; i-CR A Y IS A-C - - 
Figure 3.2.2.2-2. PEP-PRCA Andytical Modd 

3.2.2.2.2.2 n o s i g ~ .  Yhe PRCA conf igura t ion  is pr imar i ly  a concentra ted  group- 

ing of  equipment near ths s ta rboard  s idewal l  o f  t h e  O r b i t e r .  The s e l e c t e d  

s t r u c t u r e  is a small  s e c t i o n  box beam spa l ing t h e  Orb i t e r  ca rgo  hay width - 
i d t h  a qirnplf box-beam L s d d ~ .  s e c t i o n  a t t ached  to c r r r y  t h e  equipment. The 

b u l k  of the  e q ~ ~ ~ m e c t  woclc! be cold-plate-mouritod, with t h e  cold  p l a t e s  3up- 

I ported ?n t h e  ladder  s e c t i o n .  Design a n a l y s i s  s i m i l a r  t o  t h a t  performed f o r  

t h e  ADA r e s u l t d  : . I  - e h  shear  l e a d J  and corner cap l o a d s  shown i n  Table 

-1 E 3.2.2.2-6. In u r a p h i t e - t ~ r  j m a t e r i a l s ,  t h e  e l a s t i c  shear  buckling al lows a 

working s t r e s s  5:' a p p r o ~ i ~ n a t ~ l i  3,700 p s i  i n  t h e  webs whilo t h e  cak r e  

1 
worked a t  anpr -xl:nacely 1 i 5 , i  J,' p s i .  The ccmparat: ve a v s l y s i s  i n  a1 wimum 



Table 3.2.2.2-5. PRCA Loads Sunnary 

Trunnion loads - 
Condition Loads ( l b )  

L i f to f f  1,761.3 2664 1 ,375 .1  365.7 285.9 

Lancing 

Beam maximum loads 

Condition Lcads 

vmsx Mmax  Torsion Axial 

( l b  (in.-lb! ( in . - lb)  ( l b )  

L i f to f f  30,150 64 t 
YZ plane 1,375 31,450 

XY plane ; ,761 40,276 

Lc ading 33,326 

YZ plane 2,310 52,830 

XY plane 990 22,646 

Table 3.2.2.2-6. PRCA Beam Web and Cap Loads 

Upper/lower web Side web cap 
Condition shear  ( l b / i n .  ) shear ( l b / i n .  ) column (lb) 

342 maximwn 222 maximum 5,665 

5 5  average 49 average 

Landing 323 maximum 405 maximum 

44  averaqe 69 average 

.- -- -- 
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shows approximately the same rclationship to composite as  was found i n  the AM 

structure.  In general, the comparison shows the webs to be working the materi- 

a l s  a t    early the same allowables while the caps work the cotnposite fo nearly 

three and one-half times the allowable for allminun. Craghite-epoxy could, 

therefore, expect to save an appreciable percentage ~4 weight but a t  a 

def in i te  increase i n  cost.  

3.2.2.3 Ha jor Structural Mechanical Trades and Analysis 

3.2.2.3.1 PRCA Configuration 

The PRCA consists  of 11 major elements with a to ta l  weight of approximately 

650 lb. Three configurations were evaluated; they were a three-trunnion sup- 

ported beam transversely spanning the Orbiter bay, a single side mounting 

using a single custom-designed bridge f i t t i n g ,  and a thermally passive system 

with a he& pipe radiator transversely spanning the cargo bay and supporting 

the other subsystem elements on the under side. The thermally passive system 

was not canpared to the other two options as a configuration or for 

structural/mechanical trade but  was evaluated i n  combination with the thernal 

contrel system trade as discussed i n  Section 3.2.4.3. Figure 3.2.2.3-1 

i l l u s t r a t e s  the three PRCA config-sat ions that  were evalua5ed. 

The comparison between the single s ide  mount and the trunnion-supported beam 

configuration has led to the selection of the l a t t e r  as the reference 

configuration for the study. The weight of the single side-mount 

configurations would be approximately 25 l b  l igh te r ;  however, without the bay 

spanning beam, the power cables would have t o  be routed below the tunnel and 

attached di rect ly  to C-biter s tructure.  T h i s  condition would s ignif icant ly  

impact PEP ground ins ta l la t ion and removal bnd,'or add s ignif icant ly  to Orbiter 

scar weight. 

Secondary issues k:.i~h were evaluated during the study produced design solu- 

tions and rat ionale as f;::ows: 

The voltage regulators are momted low w i t h  - ~ s p e c t  t c  the beam ,struc- 

ture to reduce damage suscept ib i l i ty  of cold plates and t o  provide v i s i b i l i t y  

from t h e  a f t  f l ight  window to the ADA deployment latch.  

lhe components are clustered on the r ight  side of the Orbiter becauq5e 

two of the three Orbiter power bus interfaces are located on the r ight  ~ i d e .  



I TRANSVERSE BEAM - .. 
SELECTED REFERENCE CONFIGURATION. 

Ns 

WLTAGE REGULATOR (6) 

SINGLE SIDE MOUNT 

F i g w  322.3-1. l h r a  PRCA ConfiOuntionr 

PASSIVE THERMAL 

The powcr -d i s t r i bu t ion  box is mounted h i g h  on t h e  beam t o  expose  a s  

much s u r f a c e  a r e a  a s  p o s s i b l e  t o  space  environment  f o r  p a s s i v e  thermal  

c o n t r o l .  

3.2.2.5.2 ADA C o n f i g u r a t i o n  -- 
The ADA c o n s i s t s  of  12 major e l emen t s  w i th  a  t 3 t a l  weight  o f  app rox ima te ly  

1,400 l b .  f a  r i n g  t h i s  phase o f  t h e  s t u d y  fou r  b a s i c  c o n f i g u r a t i o n s  were evalu-  

a t e d .  The c o n f i g u r a t i o n s  a r e  i l l u s t r a t e d  by F i g u r e  3.2.2.3-2 and a r e  nunbered 

2 th rough  5. Conf igu ra t ion  1 is as s igned  t o  t h e  Phase A b a s e l i n e  a s  d e s c r i b e d  

i n  MDAC Report  MDC G7555. 

Each c o n f i g u r a t i o n  was e v a l u a t e d  u s i n g  we igh t ,  c o s t ,  i n t e r f a c e  r e q u i r e m e n t s ,  

t e c h n i c a l  f e a s i b i l i t y ,  a f t  bay mounting,  and envelope  p e n e t r a t i o n  a s  t h e  c r i -  

t e r i a .  T n i t i a l l y  weight  was c a n s i d e r e d  t o  be t h e  pr imary  d e s i g n  d r i v e r .  Using 

t h i - s  c r i t e r i a ,  Conf igu ra t ion  2, t h e  i n t e g r a l  wing box d e s i g n ,  was s e l e c t e d  

based an m i n i ~ u m  s t r . 1 c t u r a l  weight .  Subsequen t ly ,  i t  was de termined  t h a t  

u t i l i z i n g  +\;e wing box t o  form t h e  s i d e  s h e a r  p a n z l s  f o r  t h e  s u p p o r t  beam 
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would r e s u l t  i n  an unacceptable i n t e r f a c e  between t h e  a r r a y  wing box and t h e  

suppor t  s t r u c t u r e .  k f l e c t i o n s  o f  t h e  loaded wing box caused by compression of 

t h e  b lanket  would make a c lose - to le rance  mul t ia t tachment  shea r  connect ion 

d i f f i c u l t  t o  a c c o m p l i ~ h .  Because o f  t h e  i n t e r f a c e  problem, Conf igurat ion 3, 

t h e  strongback des ign ,  was s e l e c t e d  a s  t h e  r e f e r e n c e  conf igura t ion  f o r  t h e  

s tudy.  

Configuration 3 is approximately 24 l b  heav ie r  than Conf igurat ion 2: however, 

it weighs l e s s  than Conf igurat ions  4 and 5. A s i x t h  c o n f i g u r a t i o n ,  t h e  f ixed-  

c a n i s t e r  des ign,  is a v a r i a t i o n  which could be app l i ed  t o  any o f  t h e  suppor t  

s t r u c t u r e  conf igura t ions .  Conf igurat ion 4, the  modular wing des ign,  has  t h e  

advantage o f  modular assembly and adjustment o f  t h e  wing box and mast 

c a n i s t e r .  The disadvantage is a cons ide rab le  i n c r e a s e  i n  wei& because o f  t h e  

s t r u c t u r a l  redundancy and t h e  envelope r e s t r i c t i o n s  r e q u i r i ~ g  high l o a d s  t o  be 

c a r r i e d  through smal l  s t r u c t u r a l  c ross - sec t ions .  Conf igurat ion 5 combines t h e  

s t r u c t u r a l  suppcr t  of t h e  ADA and t h e  PRCA equipment. Th i s  arrangement- is 

s l i g h t 1  y heav ie r  than t h e  r e f e r e n c e  conf igura t ion  , but  t h e  major o b j e c t i o n  t o  

t h e  arrangement is t h e  i n a b i l i t y  t o  stow t h e  package a t  any l o c a t i o n  wi th in  

t h e  Orb i t e r  bay. Since  t h e  ADA and PRCA a r e  combined, t h e  e l e c t r i c a l  power and 

coo lan t  i n t e r f a c e s  i n  t h e  O r b i t e r  bay would r e q u i r e  r e l o c a t i o n  i f  t h e  s i n g i e  

beam concept were moved a f t .  Aft l o c a t i o n  o f  t h e  deployable  por t ion  o f  t h e  

assembly by t h e  use  o f  a second suppor t  beam is p o s s i b l e ,  but  t h i s  would add 

t o  t h e  s t ruc tu -a1  weight o f  t h e  system. 

3.2.2.3.3 Rota t ing  and Fixed-Mast C a n i s t e r  

F igure  3.2.2.3-3 i l l u s t r a t e s  a f ixed-can i s t e r  and a r o t a t i n g - c a n i s t e r  

conf igura t ion .  The eva lua t ion  c r i t e r i a  were envelope c o n s t r a i n t s ,  weight ,  

mechanical complexity, and a r r a y  dynamic respanse.  

The r o t a t i n g - c a n i s t e r  conf igura t ion  was s e l e c t e d  f o r  t h e  referenced des ign on 

t h e  b a s i s  t h a t  t h e  abso lu te  l eng th  of  t h e  mast c a n i s t e r  was a " so f t "  dimension 

which can on ly  be determined with a d e t a i l  des ign o f  t h e  mast ,  t h e  envelope 

limits a r e  more f l e x i b l e  with t h e  mast c s n i s t e r  a x i s  t r a n s v e r s e  i n  t h e  bzy, 

and t h e  dynamics of t h e  deployed a r r a y  with t h e  mast o f f  t h e  cen te r  l i n e  have 

not  been f u l l y  anal  yzed . 

- .. 
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FIXED CANISTERS 

SELECTED REFERENCE CONF! CURAT[ ON 

Figure 3.2.2.3-3. ADA Mast Canister Mounting Options 

The potential  s l i g h t  intrusion of the rotating-canister configuration in to  the 

area outside of the 90-in. radius a t  20 475 can be tolerated becaue  of the 

Orbiter bay door/radiator contour a t  tha t  location. The fore and a f t  l i m i t s  

for canister  length for the fixed-canister configuration a re  determined by the 

s t ruc ture  of the a i r lock forward and the  Spacelab a f t .  A canister  length of 

55.7 i n .  w i l l  allow the fixed-canister configuration t o  f i t  within the envel- 

ope const ra in ts ,  b u t  additional length w u l d  preclude t h i s  arrangement. 

because of the off-center mast in the fixed-canister configuration the bending 

moment i n  the  mast caused by blanket tenslon increases. Figut 3 3.2.2.2-4 com- 

Dares the t w o  configurations in terms of geometry mast s i ze  and weight. The 

fixed- canister  configuration would weigh the same as the  rotating-canister 

configuration because the mast iqcreased weight is o f f se t  by a reduction in 

rotat ing mechanism weight. 

The dynamic analysis  of the depioyeci array was accomplished w i t h  a symetrical 

configuration. A preliminary examination of the ay;.:.<cs of the off-center 

ma?t indicates that  the array dynamic responses . , .d be sa t i s fac to ry ,  b u t  

more analysis  i s  necessary to verify the prel imindr y conclusion. 



5 BLANKET $ BIANKET 

ROTATING CAN I STER FIXED CAN1 STER 

MAST CENTRO l D TO BLANKET A 
1-1 -1 

MAST LONGERON TO BLANKET CLEARANCE n 

1 18.5 IN. I 
(NOT INCLUDING MAST BOWING) 

MAST M S I  GN BEND I NG MOMENT 
(ULTIMATE) 

MAST SIZE 

MAST AND CAN I STER WE1 GHT 

Figure 3.2.2.34. Sizing of Fixed and Rotmino Canisters 

3.2.2.3.4 A r r a y  Wing Box L e n g t h  A n a l y s i s  

The r e f e r e n c e  c o r l f i g i r a t i o r  h a s  t h e  wing box mounted t r a n s v e r s e l y  i n  t h e  

O r b i t e r  bay  between t h e  p o r t  and s t a r b o a r d  RMS arms .  F i g u r e  3.2.2.3-5 

i l l u s t r a t e s  t h e  a r r a y  wing box super imposed  on a c r o s s - s e c t i o n  o f  t h e  O r b i t e r  

bay. The i n i t i a l  PEP c o n c e p t s  were based  on t h e  SEP s o l a r  a r r a y  t e c h n o l o g y  and 

used a box l e t r g t h  o f  159.04 i n .  Upon closer i n s p e c t i o n ,  it was found t h a t  i f  

b o t h  RMS1s were i n s t a l l e d  and t h e  d e f l e c t i o n s  o f  RMS, l o n g e r o n ,  and wing box 

were c o n s i d e r e d ,  t h e r e  would b e  a p h y s i c a l  i n t e r f e r e n c e  between t h e  RMS and 

t h e  wing box. Using t h e  maximun O r b i t e r  l o n g e r o n  d e f l e c t i o n  f o r  a n y  p o i n t  

w i t h i n  t h e  bay ,  a 2-deg r o t a t i o n a l  d e f l e c t i o n  o f  b o t h  RHS a r m s ,  a +1-in.  - 
dynamic e x c u r s i o n  o f  t h e  wing b o y ,  and an 8 .5 - in .  r a d i u s  dynamics  e n v e l o p e  f o r  

t h e  RMS, it was e s t a b l i s h e d  t h a t  t h e  wing box maximmi l e n g t h  s h o u l d  b e  152.8 

i n .  P.t t h i s  l e n g t h  t h e  wing box p e n e t r a t e s  t h e  90- in .  r a d i u s  pay load  e n v e l o p e ;  

however ,  t h e r e  is no d a n g e r  o f  p h y s i c a l  c o n t a c t  w i t h  t h e  O r b i t e r  s i d e  o f  t h e  

i n t e r f a c e  a ~ r d  t h e  box was c o n s i d e r e d  a c c e p t a b l e  and was s e l e c t e d  f o r  t h e  

r e f e r e n c e d  d e s i g n .  If t h e  wing box were d e s i g n e d  t o  be c o m p l e t e l y  c o n t a i n e d  

w i t h i n  t h e  90- in .  r a d i u s  e n v e l o p e  t h e  box l e n g t h  c o u l d  n o t  exceed 144 i n .  To 



I 

CONSTRAIPT - 144 IN. 

ACCEPTABLE 83X 1624 IN. 
I 

SEPS BOX 1W.W IN.- 
I 

I Ye t 911.5 

*SIDEWALL LATERAL MF'.ECTIONS M E  1.83 IN. AND 2.66 !N. MAXIMUM SIMULTMEOUI fOR A QlVEN 
FLIGHT CONDITION AND AT 3% WRST LOCATION (-X, W5). 

**THIS ANGULAR DEFLECTIW IS W E  TO LONGERON ROLL BASED ON AN ASUUPTIW OF 1.0 MOREE 
€AM FOR SIDEWALL BENDING AND LOCAL LOADING. 

F i r e  3.22.3-5. Wing Box Length Connnintr a d  Deflections 

m a i n t a i n  t h e  a r e a  o f  t h e  a r r a y  b l a n k e t  c o n s t a n t  a s  t h e  box l e n g t h  is reduced ,  

t h e  b l a n k e t  and t h e  mast l e n g t h  must , i n c r e a s e d .  F i g u r e  3.2.2.3-5 i n d i c a t e s  

mast l e n g t h  a s  a f u n c t i o n  o f  box l e n g t h .  

3.2.2.3.5 - Aluminum v s  Composite S t r u c t u r e  

S t r u c t u r e  d e s i g n  l a y o u t s  were p repa red  us ing  bo th  a1  uninun and graphi te -epoxy 

m a t e r i a l s .  If graphi te -epoxy is used f o r  t h e  r e f e r e n c e d  d e s i g n  i n s t e a d  o f  a l w  

minum a weight  r e d u c t i o n  o f  104 l b  can be ach ieved .  Aluninuu was s e l e c t e d  f o r  

t h e  r e f e r enced  d e s i g n  because  o f  t h e  h i g h  c o s t  and time r e q u i r e d  f o r  d e v e l o p .  

ment o f  t h e  composi te .  The c a n p o s i t e  is a s t r o n g  a l t e r n a t e  i f  a weight  s a v i n g s  

c o s t  o f  app rox ima te ly  $15,000 p e r  pound can  be  j u s t i f i e d .  

3.2.2.4 S t r u c t u r a l  Mechanical Subsystem D e s c r i p t i o n  

F igu re  3.2.2.4-1 i l l u s t r a t e s  t h e  drawing tree f o r  t h e  r e f e r e n c e  PEP 

c o n f i g u r a t i o n .  The shaded e l emen t s  a r e  a l l  p a r t  o f  t h e  s t r u c t u r a l  mechanica l  
t 

subsyst t tn .  The PEP sys tem i n s t a l l a t i o n  is composed o f  t h r e e  major e l e q e n t s :  $ 

t h e  A3A,  t h e  PRCA, and t h e  i n t e r f a c e  k i t .  The ADA c o n t a i n s  a l l  o f  t' ? lements  

o f  t h e  PEP sys tem t h a t  a r e  deployed o u t  o f  Che O r b i t e r  bay d u r i n g  o r b i t a l  



PEP SYSTEM (END ITEM) 
LEVEL 1 

LEVEL I h 
1 

ARRAY DEPLOVMLNT ASSEMBLY. PEP rOrYER REQUUTKWI AND 
C O r n O L  ~ l J L V .  PEP INTERFACE KIT - I 

LEVEL 3 

4 COLD PLATE. VOLTAQE REOULATOR 1 LOAD II?TING. V O . C W O U  

CABLE AIIEUBLV. RUS rOllLR 

DlOOE A S E Y L V  ARRAY 1 
ELECTRONCS A U E Y I L f .  COlNlllWQ AND COMTRO 

W N  YNBOR A S E Y L V .  ARRAY 
K)lNTING, 24XIS  I 

CROCEIOR. SUN SEWIOR I 
H HARNESS. COYYAND AND CONTROL. ADA [ 

MARNES. IIOTRVIYENTATION. A D A  1 
CABLE ASSEMLV. MI IER.  ADA 1 [ C L U U ~ ) . ~  U I E Y L V .  COLD PLATE J 

VEL 3 - 
WING W X  ASSEMBLY, S O U R  ARRAY Y * t T A L I E M O L Y  L O U R  ARRAY I 

LEVEL 4 

BLANKET A S E W L Y ,  CQLAR ARRAY 

BOX COVER ASSEYLV 1 
O W L 1  FIXTURE. S T A N M I D  *I 

I ANOLE EWCOOER. B E T I  AXIS 

{ CABLE ASEMBLV. WINO BOX M R  1 

F.igure 3.2.2.4-1. PEP Drawing Tree 
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operat.ions. ?he PRCA c o n t a i n s  a l l  t h e  elements o f  t h e  system t h a t  a r e  assem- 

bled e x t e r n a l  to t h e  Orb i t e r  but  a f t e r  i n s t a l l a t i o n  remain f ixed  i n  t h e  

Orb i t e r  bay d u i n g  o r b i t a l  opera t ions .  The i n s t a l l a t i o n  k i t  c o n t a i n s  a l l  o f  

t h e  hardware requ i red  to i n s t a l l  t h e  e n t i r e  PEP systcm and provide  t h e  s t ruc -  

t u r a l  e l e c t r i c a l  and thermal i n t e r f a c e s  wi th  t h e  O r b i t e r .  

F i g w e  3.2.2.4-2 i l l u s t r a t e s  t h e  P E P  r e f e r e n c e  c o n f i g u a t i o n  a s  i n s t a l l e d  i n  

t.he O r b i t e r .  The PRCA i s  mounted forward v i t h  t h e  c e ~ t e r l i n e  o f  t h e  bay 

spanning suppor t  beam a t  S t a t i o n  Xo 687.5. h e  vo l t age  r e g ~ l a t c ~ ~ s  and associa-  

ted  equipment a r e  momted on t h e  s t a r b o a r d  s i d e .  The ADA is momted a f t  taf %he 

PRCA. 

71 5. 
The c e n t e r l i n e  o f  t h e  ADA suppor t  s t r u c t u r e  is located a t  s t a t i o n  Xo 

GIUBAL ASSEMBLY 

STRUCTURE W m L V  IKZ 

STRUCTURE ASS€mL 
W E R  REGULATION 

OVNAWC E N V E L M  
MAST DRIVE W U l W  f0- 
ACTUATOR 

_ .YUI C M l r r R  

\..OWER REQUUTW 
AND CONTROL *ltCYL'r 

: 
! 
I 

r I Figure 3.2.2.4-2. PEP Refennce Configuration lnmllation 

I 

I 3.2.2.4.1 ADA S t r u c t u r e  

The referenced des ign o f  t h e  ADA s t r u c t u r e  assembly is ill . c r a t e d  by Figure  

\ ' 
3.2.2.4-3. The t r u s s  s t r u c t u r e  is  machined f r m  2219-T87 aluninun p l a t e  s tock .  

The beam is assembled using l o c k  b o l t s  and is 17 i n .  d e e p ,  12 i n .  w i d e ,  arid 

1 '  140 i n ,  long.  



F i p n  3.2.2.4-3. Structure Assembly War Array Support 

The two wing boxes c o ~ t a i n i n g  the array blankets are at tachxi  t o  the  s ides  of 

the ADA s t ruc ture  assembly, using a four-bolt a t tach pat tern.  The mast 

canister  suspension and lockout mechanism is bolted t o  the top surface of the 

beam together w i t h  the ginbal assembly. The mast canis ter  suspension sC :- 

t u r e ,  l i k e  the AQA beam, is a truss-type design using machine 2219-T87 aluni- 

num plate stock. Attached to  the suspension s t ruc ture  are  the t runi .~on bear- 

Lnga f ) r  both masts, suspension springs,  lockout mechanism, and stowage 

latches . 
During Orbiter t ranspor t ,  the mast can i s t e r s  are stowed with the i r  c e n t e r l k e  

pa ra l l e l  to the array wing boxes. Rotation of the canis ters  for deployment is 

caused by i n i t i a l  mast extension motior: through pivot and iinkage arrangement. 

Continued extension of the mast operates the cover latches on the wing boxes 

and deploys the array blanke:. The procedure is reversed for re t rac t icn  and 

stowage. 

h MCDONNELL 
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3.2.2.4.2 PRCA S t r u c t u x  - 
The referenced design f?r the , R C A  s t ruc tu r s  is I l lus t ra ted  by Figure 

3.2.2.4-4. The s t ruc ture  is a square tubula- design using welded sheet 

2219-T87 alminum. lXlring a l l  of the i n i t i a l  phase3 or design information 

avail  abl e indicated tha t  the igloo, for the a l l -pa l le t  Spacelab, was below 

Zo=400. &cause of t h i s ,  the PRCA bay spanning beam was designed and analyzed 

as  a s t r a igh t  member wi th  the bottom surface3 a t  Zo 403.5. " fid- '*cent1 y 

been learned tha t  the dynamic envelope for the igloo assemol. extends ~ ) p  to Zo 

412.5. As a r e su l t  of t h i s  finding, the PRCA beam was mcdified to  include an 

arched center section which w i l l  c lear  the iglao envelope. Figure j.2.2-4-5 

i l l u s t r a t e s  the PRCA ~anponent  arrangement and cable ins ta l l a t ion .  Dtt ;il 

design may include a cover over the t o p  of the  voltage regulators  r! . ,  cold 

p la tes  to  provide thermal and damage protection. The power-distribution box 

would remain exposzd t o  allow passivz thermal control.  

2OODlA SPHERICAL BEARING SURFACE - TYI 4L 
1.5001A TRUNNION -TYPICAL 

8.0 , 

F: 2 3.2.2.4-4. Structure Assembly Power Regulation and Control Equipment 
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LWkldG AFT 
MDM LOCKING r 'SWARD 

Figure 3.2.2.45. PRCA Cornpanant P.rmngemsnt 

3.2.2.4.3 R e t 2 n t i o n  P r o v i s i o n s  - 
The PRCA is  mounted i n  t h e  * b i t e r  u s i n g  t h r e e  t r u n n i o n s  and two custom- 

d e l i g n e d  b r i d g e  f i t k i n g s .  The ADA is mounted u s i n g  t h r e e  t r u n n i o n s  and t h r e e  

custom-design l i g h t w e i g r t  r e t e n t i c 1  l a t c h e s .  Tht l a t c h e s  mount o: e i t h e r  

s t a n d a r d  o r  custom b r i d g e  f i t t i n g s  which Jre s h a r e d  w i t h  S p a c e l a 3  and t h e  

a h o r t - ~ c l : e s s  t u n n e l .  For  b o t h  t h e  ADA and t h e  PRCA, t h e  l a t e r a l  ( l o )  l o a d s  a r e  

r e a c t e d  b) t h e  O r b i t e r  l o n g e r o n  b r i d g e  f i t t i n g s .  

3.2.2.4.. Mechanisms 

The r e f e r e n c e d  PEP d e s i z n  c o n t a i n s  t h e  f o l l o w i n g  mecha!~isms:  

"sst assembly .  

: t u a t o r ,  mast d r i v e .  

s t  -mist*v- s u s p e n s i o n  and l o c ~ o u t  mechanism. 

e Gimbal a s s e n b l y .  

Payload r e t e n t i o r  l a t c l i .  

Wing bax cover  l a t c h  assembly .  

Blanket t e n s i o n  "echan isms .  

MCOONNELL Lh75GLaS < 
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The mast assembly i s  a continuous longeron open-lattice s t ruc ture  tha t  deploys 

and r e t r a c t s  into a compact cylinder by e l a s t i c a l l y  coi l ing the longerons. The 

mast assembly is i l lu s t r a t ed  by Figure 3.2.2.4-6. Battens and diagonais form 

evenly apace bays along the deployed length of the three longerons. A t  the 

intersect ion between the batten and the longeron, r o l l t ~  lugs are attached. 

These lugs engage a nut i n  the canister  which drives the mast i n  and out of 

the canis ter .  

DRIVE MOTORS / )  p'- 
TRANSITION GUIDE I 

22-IN. DIAMETER -+ 4 

CONTINUOUS 
LONGEROP ,. 

MAST 

CANISTER 

The mast drive power is supplied by a redundant motor, two-speed actuator.  %e 

ac tua tor ,  which has a manual override, performs the basic function of 

deploying and re t rac t ing  the mast; the i n i t i a l  mast motion during extension is 

used to r ~ '  3te  the canister  and ~ n i o c k  the wing box ccver. The combination of 

r e l a t ive ly  f a s t  deployment and re t rac t ion  of the mast, the high locking loads 

of the wing box cover, and the desired slow rotat ion speed of the canis ter  

requires  a two-speed me~hanism. Figure 3.2.2.4-7 i l l u s t r a t e s  an actuator con- 

MCDONNRLL DOUGLAS - 
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2: 1 D l FFERENT l AL 

4 IN .  ISEC BOTH MOTORS - 
2 IN.  ISEC SINGLE MOTOR - 

MAST CAN I STER 

Figure 32.2.4-7. Mast Drive Concspt - Schematic 

c e p t  u s i n g  d u a l  m o t o r s  d r i v i n g  i n t o  a  d i f f e r e n t i a l .  By o p e r a t i n g  b o t h  m o t ~ r s  

t h e  a c t u a t o r  o u t p u t  r u n s  at h i g h  s p e e d .  By o p e r a t i n g  o n l y  o n e  rllotor t h e  o u t p u t  

speed is reduced  to o n e - h a l f  b u t  t h e  t o r q u e  o u t p u t  is t h e  Jame. It i f  is nec- 

e s s a r y  t o  have  a  speed change  o f  g r e a t e r  t h a n  2 t o  1 ,  a  s o l e n o i d  g e a r  c h a n g e r  

c o u l d  be added between t h e  d i f f e r e n t i a l  and t h e  o u t p u t  s h a f t .  Manual o v e r r i d e  

is prov ided  by u n c ~ u p l i n g  t h e  o u t p u t  s h a f t  fYom t h e  d i f f e r e n t i a l  and c r a n k i n g  

t h e  s h a f t  d i r e c t l y .  

F i g u r e  3.2.2.4-8 i l l u s t r a t e s  t h e  mas t  c a n i s t e r  s u s p e n s i o n  c o n c e p t .  The mas t  

c a n i s t e r  is s u p p o r t e d  on two t r u n n i o n s .  The k t t o a  t r u n n i o n  is s u p p o r t e d  i n  a 

f i x e d  s p h e r i c a l  b e a r i n g .  The t o p  t r u n n i o n  is sl;ppo,ted i n  a  b e a r i n g  a t t a c h e d  



POST ION 1 
STOWED POSITION LOCK ENGAGED 
PITCH AND YAW SUSPENSION CAGED CANISTER DEPLOYED 
YAW SUSPENSION LOCK DISENGAGED (OODEG ROTATIONJ 
MAST FULLY RETRACTED 

0 WlNG BOX COVER LATCH ENGAGED 
CANISTER STOWED 

POSITION 3 

ENSION SPRING WING BaX COVER LATCH 
DISENGAGED 

MAST PARTIALLY EXTENDED 
COVER LATCH TO FULLY EXTENDED 

STOWED POSITION 

t o  a spring bmgee and guided i n  a s l o t .  This arrangement allows the canister  

and mast to  ro ta te  against the soring i n  a plane perpendicular to the plane of 

the deployed array. When the canistar  is in  the deployed position, a solenoid- 

operated la tch  locks it to  a second bungee which allows rotat ion against the  

spring about the  axis  of the canister  trunnions and in a plane para l le l  to  the 

plane of tne deployed array. Both springs are caged when the Ai)A is stowed i n  

t hee0rb i t e r  bay, during rotat ion of the canis ter ,  and during wing box la tch  

operation. Electromechanical actuators  are used t o  cage the springs. . 
The two-axis gimbal assembly is bolted d i r e c t l y  to the top surface of :.he ADA 

support s t ruc ture  and provides continuous rotat ion of the deployed array in 

the Alpha axis  and 90-deg ro ta t ion  i n  the Beta axis .  Additional description 

and concepts are contained i n  Section 2.9 of Volune 3. 



The custom lightweight re ten t ion  la tches  a re  designed to  i n t e r f ace  with 

standard Orbiter bridge f i t t i n g s  and t o  use the  standard e l e c t r i c a l  connec- 

t i on .  Additional descr ip t ion  and concepts a r e  contained i n  Section 2.3 of 

Volune 3. 

The wing box cover la tches  a r e  actuated by motion of t he  mast through the  

i n t e r f ace  l inkage. The la tches  hold t he  folded a r ray  blanket i n  a  compressed 

s t a t e  a t  approximately 0.5 p s i  pressure t o  s t a b i l i z e  and pro tec t  the  a r ray  

blanket during t ranspor t  Lo and from o r b i t .  

The blanket tension for the  deployed a r ray  is provided by negator spr ing 

motors, which apply torque t o  a  cable  take-up r e e l .  The cable  from the  r e e l  is 

attached to  the a r ray  blanket through a  l inkage and a s e r i e s  of load- 

d i s t r i b u t i o n  springs.  A s imi la r  mechanism is used for  t he  two guide wires.  

3.2.2.4.5 Al te rna te  Configuration 

Figure 3.2.2.9 i l l u s t r a t e s  a  PEP i n s t a i l a t i o n  using an a l t e r n a t e  design for 

the  ADA propcsed by Lockheed Missi les  and Space Company (LYSC). The general 

GIMBAL ASSEMBLY 

STRUCTURE ASSEMOLV 
W W E H  HEGULATION 
CONTROL EOlllPMENT 

,,LAN ,GIMBAL ASSEMBLY - A N D  GRAPPLE FIXTURE 

,.,MAST CANISTER 

MAST DRIVE 
ACTUATOR CUSTOM dGHTWEIGHT 

RETENTION LATCH 

VIEW LOOKING FORWARD 

NOTE SHADED AREAS REPRESENT 
THE TWO SOLAR ARRAY 
MODULES ISAM'S) 

Figure 3.2.2.4-9. PEP Installation Using LMSC Solar Arrsy 
Module Concept 



arrangement o f  t h i s  c o n f i g u r a t i o n  is t h e  s a n e  a s  t h e  p r e v i o u s l y  d e s c r i b e d  

r e f e r e n c e  des ign .  The d i f f e r e n c e  l ies i n  t h e  mechaniza t ion  of t h e  mast  

c a n i s t e r  s u p p o r t  on t h e  ADA. T h i s  ADA d e s i g n  assembles  t h e  wing box end t h e  

m a s t / c a n i s t e r  t o g e t h e r  a s  a m i t  and refers to t h e  assembly a s  a solar a r r a y  

module (SAM) .  The concep t  is t h e  same as t h e  modular wing d e s i g n  

(Col t f igura t ion  41, and d i s c u s s e d  i n  S e c t i o n  3.2.2.3. 

The SAM i n t e r f a c e s  wi th  t h e  a r r a y  s u p p o r t  s t r u c t u r e  assembly us ing  a fou r -bo l t  

p a t t e r n .  Tne mast c a n i s t e r  is s t r u c t u r a l l y  suppor ted  by a s i n g l e  c a n t i l e v e r  

t r u n n i o n  a t t a c h e d  t o  t h e  wing box. A stowage l o c k  is a t t a c h e d  t o  t h e  wing box 

and engages and l o c k s  t h e  c a n i s t e r  i n  t h e  stowed p o s i t i o n  f o r  t r a n s p o r t .  The 

mast  d r i v e  a c t u a t o r  h a s  two motors .  One motor d r i v e s  t h e  mast a t  t h e  h i g h  

ex tens ion1  r e t r a c t i o n  r a t e s ,  and t h e  second m ~ t o r  is used f o r  low speed and 

h i g h  f c r c e  l e v e l s  r e q u i r e d  f o r  l a t c h i n g  t h e  wing box. Each motor h a s  a d u a l  

winding to p rov ide  e l e c t r i c a l  redundancy. The mech in iza t ion  o f  t h e  s p r i n g  can- 

p l i a n c e  for a r r a y  suspens ion  h a s  n o t  been d e f i n e d ,  b u ~  s e v e r a l  d e s i g n  o p t i o n s  

may be cons ide red .  These o p t i o n s  a r e :  

A. The compliance s p r i n g s  i n s t a l l e d  i n  t h e  c a n i s t e r  t r u n n i o n  s u p p o r t  

between t h e  c a n i s t e r  and wing box. 

B. Tne compliance s p r i n g s  i n t e g r a t e d  i n t o  t h e  mast ,  and c a n i s t e r  d e s i g n  

and p rov ide  r e l a t i v e  motion between t h e  mast and t h e  c a n i s t e r .  

C. To h inge  t h e  SAM on  t h e  s u p p o r t  s t r u c t u r e  and p rov ide  a s p r i n g  between 

t h e  SAM and a r r a y  s u p p o r t  s t r u c t u r e  a s  i l l u s t r a t e d  by Conf igu ra t ion  4 i n  Sec- 

t i o n  3.2.2.3. T h i s  arrangement p r o v i d e s  o n l y  one  a x i s  o f  fVeedom; t h e  o t h e r  

a x i s  o f  compliance would be i n c o r p o r a t e d  i n  t h e  c a n i s t e r  t r u n n i o n  p i v o t .  

Option B h a s  been proposed a s  a concept  by LMSC and AEC Able Engineer ing .  

D e t a i l s  o f  t h e  mechaniza t ion  o f  t h i s  concept  have  n o t  been r evea led ;  however, 

i f  it were shown t h a t  t h e  mechaniza t ion  would n o t  unduly compl i ca t e  t h e  mast 

d e s i g n  it  would r e p r e s e n t  an a t t r a c t i v e  a l t e r n a t e .  



3.2.3 Avionics and Control Subsystem 

The PEP avionics and control subsystem performs test, configuration, deploy/ 

stow, and arrsy ~ointing fbctions. Wnen installed in the Orbiter psylo~d bay, 

it is supported by the Orbiter's systems management general-purpose computer 

(GPC), the multifunction CRT display system (MCDS), the RMS, and the remote 

payload latch release system. The use of capabilities afforded by these 

existing facilities permits limiting PEP-peculiar electronic assemblies to: 

(1) a multiplexer/demultiplexer assembly (MDA) in the bay for acquiring data 

canist.er rotation and mast extension/retraction and gimbal control, (3) a sun 

sensor with processor for providing sun pointing error signals, ( 4 )  a bus 

coupler for interfacing with the GPC data bus. 
- - -_ 

3.2.3.1. Avionics and Control Subsystem Requirements 

The functionai requirements for PEP are listed in Table 3.2.3-1. They consist 

of operations which the equipment must perform during array deployment and 

Table 3.2.3-1. Avionics Functional Requirements 

a Activate/deactivate Pi2 pointing and control electronics equipment. 

Engage/disengage the power-on connector(s) between the RIG end effector 
aqd PEP grapple fixture. 

Do nast-canister rotation and mast extension/retraction. 

Acquire and track the sun. 

a Maintain the array axes in selected angular positions and/or rates in 
respect to the sun line and/or end effector axes. 

a Select regulator and power-distribution box configurations, i.e., 
connection/removal of power-conditioning equipment from power buses. 

Set regulator/limit er voltage levels. 

a Disconnect the Orbiter/PEP power bus interface to allow RMS jettison. 

a Display ?EP command status. 

a 'bnitor an3 display PEP equipment operation a d  status parameters. 

MCOONNELL DOUGLAS 



while maintaining the  €-ray face (solar  c e l l s )  perpendicular t o  t h e  sun o r  at 

conunanded angular positions i n  respect t o  t h e  Orbiter o r  its veloci ty  vector. 

Table 3.2.3-2 iden t i f i e s  basic performance requirements; they are primarily 

concerned with gimbal control. Since arrw power output is  proportional t o  t h e  

cosine of the  angle be-i;ween a l i n e  nonnal t o  t h e  array and t h e  sun line, per- 

formance l o s s  is small f o r  ra ther  large  angular errors.  A s  a resu l t ,  per- 

formance requirements are not severe. 

Table 3.2.3-3 iden t i f i e s  software requirements. They are s p l i t  between those 

imposed on the  system management conputer software and those processing data  

i n  PEP equipment. It i s  seen t h a t  systems management requirements are not 

extensive, being primarily devoted t o  control and monitoring of t h e  PEP v i a  

the  MCDS equipment. The PEP software performs arrey  control  algorithms and 

operation sequencing. 

The avionics interfaces with t h e  RMS and CPC r e s u l t  i n  in ter face  requirements 

being imposed upon PEP equipment. Power consumption of ADA electronics has 

Table 3.2.3-2. Avionics Performance Requiremeats 

a Track t h e  sun within 2 deg. 

a Slew t o  defined Alpha and Beta gimbal posit ions (usual1.r used f o r  
i n i t i a l i z a t i o n )  a t  r a t e s  from 0 t o  + 0.5 deg/sec. 

a Slew at defined angular rates f o r  an indef in i te  time. 

a Command gimbal postions and slew r a t e s  v ia  the  MCDS keyboard, ground 
l inks ,  o r  preprogramned table .  

a Stop slewing a t  any time by keyboard o r  ground l i n k  cornand. 

0 Operate w i t h  sun-senscr feedback i n  e i the r  gimbal axis  o r  both. 

Naintain a gimbal posi t ion er ror  no greater  than 12 deg during l o s s  of 
a "sun-presence" signal.  



Table 3.2.3-3. Systems. Management md PEP Software Requirements 

Systems n&qement software functional  recgirementrr 

Acquire, process, 

Format and output 

Control regulator  

and displey PEP data. . 

PEP commands. 

connection t o  main powerdis t r ibut ion  assemblies. 

Set  regulator  sense vo l t  age levels .  

PFP software functional  requirements 

a Effect da ta  trans'ers. 

o Sequence ADA mast extension and retract ion.  

a Perform manual and automatic PEP mode control.  

0 Acquire array deployment assembly data. 
. . 

been limited t o  about 224 watts at 24 VDC and up t o  314 W at 32 v o l t s  input a t  

the  ENS shoulder due tc; wire res is tance  of t h e  SPEE cable harness. I n  addition, 

SPEE wires hcie been al located t o  ar ray  deployment assembly fhmctions such as 

power connector actuator  control  and t h e  CEA data  bus. The requirements f o r  

data interchange with t h e  GPC resulted i n  the  addition of a data bus coupler t o  

es tabl i sh  a compatible in ter face  with t h e  Orbiter 's  bus tecninations. A spare 

AFD bulkhead connector connects PEP power regulat ion control  equipment t o  a 

continuation of the  SPEE cable harness and provides access t o  an on/off switch 

for  control power. 

Existing Orbiter provisions f o r  l a t c h  control of the  ADA l a t c h  trunnions are 

used. They include the payload se lec t  switch ahd toggle on panel ~ 6 ,  the  

l a t ch  d iscre te  s t a tus  shown on t h e  RMS control display format, and the  actua- 

t ion  c i r cu i t ry  ending i n  dual connectors per l a t ch  providing AC and DC l a t c h  

power. 



3.2.3.2 Avionics and Control Subsystem Perforn~ance 

Upon crew request, the MCDS and GPC acquire da ta  i ssue  commands v i a  t h e  MDA t o  

power regulation and control equipment located wiLhin t h e  payload. The-- 

standard bus r a t e  of 1 MBPS is  used. A lower rate (30 t o  50 kbps ) i s  used 

between the  B A  and CEA t o  eliminate the  need f o r  control led bus wire and allow 

t h e  use of SPEE wiring without modification. Off-the-shelf MDA modules have 

been used t o  provide 48 28-VDC d i sc re te  outputs t o  control  in-bay equipment, 

32 d i f f e r e n t i a l  inputs f o r  da ta  acquisi t ion,  and 8 s e r i a l  input/output channels 

f o r  regulator control (only 6 are presently used). These provisions allow 

regulator configuration (connection of regulators  t o  main power d i s t r ibu t ion  

assemblies) with a single command input from t h e  MCDS keyboard. One command per 

regulator  is  required f o r  l eve l  s e t t i n g  although software may be structured t o  

s e t  a l l  l eve l s  with a s ingle command provided they a r e  known and entered p r io r  

t o  commanding s value change. Within t h e  CEA, similar provisions ex i s t  f o r  

data acquisi t ion and addit ionally,  f o r  conditioning s ignals  r e f l ec t ing  t h e  

s t a t u s  of the  arrays (LO l i n e  pairs/wing) and other  ADA instrumentation. 

Measurements a r e  sampled once per second, a r a t e  selected because of control 

r a the r  than data-acquis it ion requirements. 

Four modes of PEP control  a r e  available,  two manual and two automatic. In  t h e  

inaaual mode, array posi t ion commands may be entered t o  slew the  PEP gimbals t o  

.I given position; ro ta t ion  i s  l imited by ADA interference t o  0 t o  90 deg f o r  

the Beta gimbal and i s  (continuous) 0 t o  360 deg f o r  t h e  Alpha gimbal. This 

mode a lso  permits establishing constant gimbal ra t e s :  a maximum r a t e  capabi l i ty  

of 2 0.5 deg/sec, o r  double t h e  0.25 deg/sec Orbiter s t ep  r a t e  permitted with 

acceptable mast loads. I n  the  automatic mode, sun t r ack  submode, both gimbals 

a r e  controlled using sun-sensor e r r o r  s ignals .  The t r ack  submode allows 

"feathering" the  array i n  one ax i s  while control l ing the  other  ax i s  with t h e  

sun sensor. The pointing accuracy requirement of 22 deg permits l imi t ing  the  

projected area of the  array face i n  t h e  d i rec t ion  of t r a v e l  t o  3% and reduces 

worst-case power loss  t o  l e s s  than 0.15 i n  sun track. 

An on-off control ler  was selected i n  preference t o  a proportional cont ro l ler  due 

t o  its s+xnplicity and bemuse t h e  proportional cont ro l ler  

ing i n  a l l  requjs i te  axes. S t ructura l  damping is  provided 

w e  3.2.3-1 is  a functional block diagram of the  selected 

did not provide damp- 

mechanically. Fig- 

concept. The portion 



Figure 3.231. Bid Dirgnm of On-Off Controller 

of t h e  diagram shown i n  dashed l i n e s  would be implemented i n  t h e  CEA micro- 

processor. Commanded r a t e s  (4s)  o r  pos i t ions  ($c! are input t o  t h e  servo 

dr ive  voltage generation block (VDAC-D/A converter vo l tage)  as pos i t ion  e r r o r s  

a f t e r  subtract ion of encoder-generated shaf t  posi t ion.  Sun sensor e r r o r  

s igna ls  would be used d i r e c t l y  a f t e r  coordinate s:~stem transformation i n  t h e  

automatic sun-track mode. 

An execution r a t e  f o r  t h e  cont ro l  algorithm of  once per  second has been judged 

acceptable s ince  t h e  a r r ay  is driven through high-compliance springs with a 

respcnse time of 0.02 Hz. The achieved gimbal r a t e  can be s e t  near t h e  required 

r a t e ,  and t h e  a r ray  smoothly t r acks  t h e  reference with occasional high o r  zero 

achieved r a t e  periods occurring t o  ad jus t  t h e  average achieved r a t e  t o  t h e  

required r a t e .  The constant r a t e  is des i r ab le  s ince  s t r u c t u r a l  resonance 

exc i t a t i on  i s  minimized. The con t ro l l e r  i s  e f f e c t i v e l y  an open-loop con t ro l l e r  

fo r  long periods of time, which can el iminate  s t a b i l i t y  problems associated with 

s t r u c t u r a l  resonsnces . 



3.2.3.3 Major Trades and Analyses 

Trades and analyses performed i n  support of PEP def in i f ion  were varied, running 

the  gamut from evaluating t h e  configuration t o  analyzing t h e  e l ec t  m a g n e t i c  

environment. The following paragraphs indica te  t h e  subject of these  t a sks  and 

present t h e i r  conclusions. More de f in i t ive  t a s k  treatment may be found i n  

Volume 3. 

A. - Task 2.14, Solar Array Control Avionks Requirements/Criteria Definition. 

Established tha t  a proportional o r  on-off array cont ro l ler  (diegram shown i n  

Figure 3.2.3-1) can be used t o  s a t i s f y  pointing requirements. The l a t t e r ,  due 

i t s  simplici ty,  i s  recommended as  the  baseline. 

B. Task 2.15, Controls System Management, GPC and Array Control Processor 

in ter face  Definition. Defined the  software modules required in t h e  SM computer 

and concluded t h a t  they were few In  number. It a lso  defined the  control and 

s t a tus  displays t o  be presented on t h e  MDCS and requirements fo r  t h e  CEA 

microprocessor software. 

C. Task 2.18, Orbiter  DAP Ut i l iza t ion  Evaluation. Limit cycles resul t ing  

from use of prim.wy th rus te r s  impose excessive loads cn PEP with the  exception 

of the  array located ahead ef t he  Orbiter 's  nose. F i r ing  of the  vernier  system 

does not r e su l t  i n  loading problems during nominal l i m i t  cyclo operations. 

Limited Orbiter maneuvers a r e  possible with e i the r  t h e  PRCS o r  VRCS. 

D. Task 2.19, Pointing/Control Avionics Concept and Operations Analyses. 

Developed microprocessor implementation concepts and software flows. 

E. Task 2.20, EMC Analysis. Established t h e  radiated f i e l d  in tens i ty  

levels  .impinging on PEP due t o  Orbiter  t ransmit ters  and antennas. 

F. Task 2.21, Alternate Solutions f o r  PEP/RMS Control and Drive Dower - 
Wiring. Traded the  r e l a t i v e  meri ts  of switching exis t ing  S?EE wiring vs t h e  

addition of PEP-pecdiar wiring harnesses and recommended retention of t h e  former 

concept. 

3.2.3.4 Avinnics and Control Subsystem Description 

The PEP avjonics subsystem is  i l l u s t r a t e d  i n  F.fcure 3.2.3-2. That pa r t  of' t he  

1 ' 2  avionics subsystem located on the  PRCA consists  of an MDA connected t o  a 

data  bus coupler tha t  interfaces with the  GPC daf 3 bus terminations i n  the  

payload bay. The deployed position of the  avionics subsystem on t h e  ADA 
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ie ter faces  with RMS SPEE wiring. It consis ts  of t h e  CEA, a sun sensor, and 

sun s ignal  processor. The CEA controls  array canis ter  ro ta t ion  and mast 

cxtension/retraction, provides giubal dr ive  s ignals  and acquires/conditions/ 

formats ADA instrumentation signals .  A switch box i n  t h e  Orbiter (not par t  

of PEP) allows sharing of the  RMS wiring with payloads. The use of exis t ing  

~ r b i t e r / ~ M S  wiring fo r  cont-01 purposes i s  more c lea r ly  depicted i n  Figure 

3.2.3-3. A l l  wiring t o  t h e  on-orbit s t a t ion  i s  currently ins ta l l ed .  The 

toggle switch, located on the  standard switch panel, allows power on-off 

control  t o  t h e  PEP avionics eauipment. The remaining cables between t h e  on- 

o rb i t  s t a t i o n  and t h e  power in ter face  would be new. 

The M3A includes a multiplex in te r face  adapter,  sequencer control  module, 

and sequencer memory f o r  interfacing with the  GPC bus. Other modules consist  

of d i f f e r e n t i a l  DC input,  28-VDC single-ended d i sc re te  input and output 

~ o d u l e s ,  s e r i a l  1/0 modules, and a specjal  low-rate bus module. All but t h e  

l a t t e r  would acquire data from, an6 input commmds t o ,  t h e  power regulators  

and power-distribution box. The low-rate bus module would be used f o r  

interfacing the  CEA. 
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The CEA c o n t ~ l u s  dual microprocessoru (one on standby) f c r  s ignal  processing 

RY ' .nbal control. Ins t ruc t ions  etored i n  memory o r  input through t h e  MDCS 

ard a r e  trtnsformed i n t o  commr.nded r a t e s  by t h e  pointing roftware 

.,ribhms and switching logic.  Error s ignals  provided ty t he  sun sensor 

.fi-tri sun presence o r  by shaf t  encoders provide posi t ion feedback f o r  a r r a r  

r a t e  and position control.  

A l l  control inputs a re  presently provided by the  MCDS keyboard with t h e  

exception of power cn/off.  Fa i lure  analyses s tudies ,  t o  be conducted t n  t h e  

fu ture ,  may a lso  require hardwired redundant controls  f o r  operating t h e  pcwer 

connector actuator  re lease  on the grapple f i x t u r e  and f o r  breaking t h e  power 

harness a t  the  ,W shoulder should t h e  RMS require j e t t i son .  Display of control  

inpfia v ia  the  MCDS CRT is i l l u s t r a t e d  i n  Figure 3.2.3-4. Fvmatt ing of t n i s  

display, as  well as  the  processing and display of PEP s t a tus ,  is performed by 

the  systems mansi;ement computer. 
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3.2.4 Thermal Control Subsystem 

The PEP thermal cont ro l  subsystem, i n  conjurct ion with & b i t e r  capab i l i t y ,  
provides cooling of a l l  heat. generated within t h e  Orbi te r ,  PEP, and payloads. 

These heat loads include e l e c t r i c a l  power d i s s ipa t ion ,  PEP and Orbi ter  para- 

sitic loss, Orbiter fue l  cell waste hea t ,  and metabolic loads. 

The reierence thermal cont ro l  subsystem design is a r e s u l t  of  severa l  t r ades  

which addressed key i ssues  i n  t h e  study. The i s sues  re la ted  to adequacy o f  

Orbiter heat r e j ec t i on  and co l l ec t i on  &en operat ing i n  PEP mode and t o  PEP 

thermal control  configurat ion,  i .e., a c t i v e  versus passive cooling o f  PEP vol- 

tage regulators .  

A b r i e f  descr ip t ion  of  t r ades  and analyses performed i n  the  study a r e  pres- 

ented i n  t he  following paragraphs. Requirements, performance, and a descrip- 

t i on  of  t he  subsystem a r e  a l w  iccluded. 

3.2.4.1 Thermal Control Subsystem Requirements 

Table 3.2.4-1 lists ke, design requir e.sents for  t h e  PEP thermal cont ro l  sub- 

system. Detailed heat loads  delineated from information i n  Table 3.2.4-1 a r e  
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given i n  Figwe 3.2.4-1 for two levels of powsr , 21 and 29 kW. A l l  loads shown - 

are instantaneous loeds; no thermal inertia or transport lag is assmed i n  the 

system. Shadeside heat loads are the saaPe for PEP and fuel-cell-powered 

Orbiter, bu t  the PEP loads are 10.5 kY less a t  29-kY pomr load for sun opera- 

tion when heat bom fuel cell  waste is reduced. The result is an orbital aver- 

age PEP load of 6.6 kW less a t  low Beta angles. 

3.2.4.2 Thermal Control Subsystem Performance 
The reference PEP thermal control subsystem design relies upon the Orbiter for 

heat rejection and as such the Orbiter performance is of primary interest. 

Performance considerations include heat-rejection capability a t  key orienta- 

t ions  and water-balance influence on operation of the flash evaporator system. 

(kbiter heat-re jection capabil i t i e s  were determf ned i n  terms of mar imun elec- 

tr ical  pwer as limited by heat rejection. Basic Orbiter performance came &ant 

NASA thermal control data i n  terms of instantanems heat rejection aromd the 
orbit. This data was for an altitude of 270 m (500 k d  and an 8-panel radia- 

tor configuration with forward panels deployed a t  35 deg. Some performance 

PEP SUNSIDE FUEL CELL - 3 kW 

Fiure 3.24-1. Heat-Repction Raqu'.*ment of Fud-ColI-Pomd O r b i i  md PEP 



improvement can be obtained for must orientations with a 60-deg radiator 

deploqnnent, and heat-rejection capability was computed for t h i s  angle for a 

favorable orientation. Performance determination was based on average 

performance on sun or shade side of the orbi t ,  depending on rhich side is 

controlling. 

Figwes 3.2.4-2 to  3.2.4-6 give the heat-rejection capability i n  terms of max- 

imua electrical power for Orbiter and for (kbiter/PEP operating modes. Data is 

included for three levels of flash evaporator system operation corresponding 

to none, sustained, and m a x i m u m  operation levels. The flash evaporator water 

use for sustained operation is j u s t  equal to fuel-cell-generation rate  less  

crew use. Level of maximun performance occurs a t  a water-use rate  of 30 lb/hr 

(13.6 kg/hr). 

Figure 3.2.4-2 shows the worst-case per formance for ear th-viewing payload s , 
i.e., nose perpendicular to  orbit  plane wi th  bay directly toward earth. This 

orientation results i n  solar influx to the radiator underside uhen the Orbiter 

is near the terminator. Data from the figure show that higher power levels of 
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1.4 t o  3.5 kW a r e  possible with the  PEP except for sustained operation, which 

is 1.5 kW lower. Sustained performance is lower because reduaed fuel  c e l l  

operation r e s u l t s  in  l e s s  water avai lable  for  f lash evaporator use. 

Improved earth-viewing performance is obtained for the  or ienta t ion  shown in  

F i g v e  3.2.4-3, which is nose along veloci ty vector with bay 45 deg fPom local  

ver t ica l .  Higher power l eve l s  ranging fkoa 3.3 t o  5 kV a r e  obtained with no 

and maximun f lash  evaporation. respectively. A 1.8-kV lower capabi l i ty  e x i s t s  

for  sustained operation for the  reason mentioned above for X-POP or ienta t ion .  

The Orbiter/PEP configuration can operate a t  s ign i f i can t ly  higher power l e v e l s  

than Orbiter alone. The 3.3-kW improvement for  no f lash  evaporation is of par- 

t i c u l a r  significance for experiments sens i t ive  to water vapor i n  the  v i c i n i t y  

of Ckbiter . 
A favorable orientat ion is depicted in  F i g v e  3.2.4-4, which is nose gravity 

gradient with constant r o l l  b reduce solar  impingement on the  radiators .  This 

type of orientat ion is typical  of long-duration, low-gravity missions with 

low-RCS propellant consumption. Life science and material processing experi- 

ments f a l l  in to  t h i s  payload category. Data in  the  f igure show t h a t  a 29-kW 
power level  can be sustained without f lash evaporator system use. 

Solar pointing performance a t  90-deg Beta angle is shown in  Figure 3.2.4-5. 
The power level  l i m i t  is 2.7 kW higher for  no f lash  evaporation, but the  level  

for sustained is only 0.5 kW higher. This is because the  fuel  c e l l s  operate a t  

i d l e  during t h e  e n t i r e  o r b i t  and only generate 1.53 lb /orbi t  (0.7 kg/orbit) of  

water for cooling use. The maximun PEP power output of 29 kW can be obtained 

however a t  higher water use r a t e s  by t h e  f lash evaporator system. 

Performance for earth viewing and low-g or ienta t ions  are  for zero-degree Beta 

angle. Performance w i l l  tend to improve a t  higher Beta angles. This e f f e c t  can 

be seen in Figure 3.2.4-6, which gives performance for Beta angles from 0 t o  

90 ded for a s t e l l a r  viewing orientat ion.  This represents bay i n e r t i a l l y  ori- 

ented wi th  nose perpendicular t o  the  o r b i t  plane. The 29-kW maximun PEP power 

level  can be accommodated a t  high Beta angles for no f lash evaporator use. A 

power level  of up t o  27.3 kW can be accommodated a t  low Beta angles wi th  no 

f lash evaporation. 



Water balance impacts available heat reJection for Orbiter due to effects on 

water available for flash evaporator use. F igve  3.2.4-7 shows water balance 

as a function of electrioal pouer level for earth-viewing orientation with 

45-deg rol l .  Fuel ce l l  rate of produced water increases as power level 

increases. Crew needs are constant a t  1.47 lb/hr (0.67 kg/hr) . 
Flash evaporation is -equired above the 20.9-kW power level as shown i n  the 

figure. The available water ra te  just matches the required rate  a t  24.6 kW. 

Above th i s  pouer level, stored water is needed and on-board stores are being 

reduced. Below 24.6 kU, water is being stored. Haximua water usage occvs  a t  

35 kW, and water rate through the flash evaporator system amounts to 30 lb/hr 

(13.6 kg/hr). 

The Orbiter water storage is limited normally to 165 l b  (75 kg). Therefore, a 

time l i m i t  exists for duration of operation where water is being stored or 

depleted . 
Figwe 3.2.4-8 gives time limits for storing or depleting water i n  the storage 

tank as a function of electrical power level. Data is given for both Orbiter 

alone and Orbiter w i t h  PEP. During Orbiter/PEP operation, water is stored 
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below 24.6 kW where use rate is less than fuel ce l l  production rate. A s  the 

electrical power is reduced, the water storage rate increases because the use 

rate decreases faster than the production rate (see slope of rate lines in 

Figure 3.2.4-8). Minimum storage time occurs a t  20.9 kW when zero water is 

needed for flash evaporation. Storage time increases below t h i s  point because 

-ases. production of fuel ce l l s  decreases as power decr- 

Storage times for Orbiter/PEP are shorter than for Orbiter only because more 

water is produced relative to use requirements and because the storage time 

curves are shifted because of lower heat-rejection loads for Orbiter than for 

Orbiter/PEP. 

The length of time that power levels can be sustained when wa5er is being 

depleted is greater for Orbiter only. T h i s  is due to the shif t  in curves to  

the right for Orbiter-only operation because of higher heat-rejection require- 

ments. More water is produced for Orbiter only because of higher fuel cel l  

operating levels b u t  more water is required because of fuel cel l  waste heat 

loads. 



Each orientat ion has a charaoter is t io  ourve suoh a s  t h a t  shown i n  Figure 

3.2.4-8. The difference i n  each curve wi l l  be primarily a sh i f t ing  t o  r i g h t  o r  

left corresponding t o  the  point the  where net  water storage o r  depletion r a t e  

is zero. Beta angle a lso  has a s igni f icant  e f feo t  because of the  influence of  

heat-rejection performance and water production due t o  changes in  fue l  c e l l  

i d l e  times. 

3.3.4.3 Ha jor  Trades and Analyses 

The reference PEP thermal control subsystem design is a r e s u l t  of a number of 

t rades  and analyses which a r e  summarized in  Table 3.2.4-2. A key analysis  

examined the  adequacy of the  Orbiter to reject a l l  heat while it was operating 

i n  the  PEP mode. The analysis  showed t h a t  PEP operation r e s u l t s  in  lower heat- 

re jec t ion  requirements, thereby allowing higher e l e c t r i c a l  power l eve l s  than 

the  fuel-cell-powered Orbiter without PEP. Some severe orientat ions may 

require f lash  evaporation cooling o r  modified or ienta t ions  for  heat-rejection 

improvements. 

Several performance improvements were considered and the  option t o  increase 
the  forward radiator  deployment angle &om 35 deg to 60 deg was recommended. 

This option improves re jec t ion  f t o m  the  underside of the  panels and reduces 

environment heat influx for several severe orientat ions.  Charge of the  deploy- 

ment angle has a minimal cos t  impact. 

Use of passive cooling for the  PEP voltage regulators  is a promising option 

which s igni f icant ly  improves performance for a small cost .  The option was 
studied in the  trade called thermal control configuration. The passive concept 

cos ts  $500,000 more and weighs 38 l b  (17.3 kg) more than the reference ac t ive  

design. Benefits include higher allowable power l eve l s  of up to  3.4 kW, 

simplified ground processing, and elimination of (kbiter  ae r i a l  impact for 

i n i t i a l  ins t a l l a t ion  of 34.5 h r  . The s e r i a l  impact time can corrrspond to 

cos t s  as  high as  $690,000. Safety and r e l i a b i l i t y  are  a lso  enhanced by elimi- 

nation of the  f lu id  interfaces.  

3.2.4.4 Thermal Control Subsystem Description 

The PEP thermal control subsystem consis ts  of cold p la tes ,  l i n e s ,  and connect- 

o r s  to provide cooling to the  PEP voltage regulators.  This cooling, amounting 

to about 3 kW, is required on the  sun s ide  of the o r b i t  when power is provided 

by the solar array. 



Trade/anal ys is  Result 

Table 3.2.4-2. Sunmary of  Thermal Control Subsystem 

Major Trades and Analyses 

- - -  -~ 

Alternate methods of heat re jec t ion  Separate radiator  cos t ly  and oom- - plex and reduces resources t o  
payloads 

60 deg radiator  deployment 
recommended 

Solid sine CO control not 
required t u t  dl1 increase 
capabi l i ty  

Performance analysis  

Thermal control configuration 
def in i t ion ,  ac t ive  versus 
passive 

PEP/Orbiter interface analyses 

EVA considerations 

Avionics cooling 

Orbiter adequate for  heat 
re;ection 

Flash evaporator system operation 
required for  severe orientat ions 

Passive r e s u l t s  in: 
A. Power l eve l s  up t o  3.4 kW 

higher 
B. Adequate temperature control 

of regulators  
C. 38 l b  more weight and $500,000 

higher cost  
3. Improved safe ty  and 

r e l i a b i l i t y  
E. 34.5 h r  s e r i a l  impact time 

saved for  i n i t i a l  ins t a l l a t ion  
F. Simplified ground processing 
G. Reduced Orbiter SCAR and 

medication cost  

Orbiter a f t  cold-plate loop can 
provide PYP cooling 

PCP and Orbiter loop compatible, 
AI', t o t a l  pressure and temperature 

Physical interface is compatible 

Design c r i t e r i a  established for  PEP 

Planned EVA routes may require 
s l i g h t  modification 

Passive coaling adequate 

Heaters required for  some 
components 



The aiw ragulatorrr are rour td  on three aold plates, two regulator8 to eaoh 
oold plate. The oold plate has two wparate pras8gewry8, one for t h e  p i m r y  - 

loop and one for the moondary loop. meon 21 from the primary af't oold-plate 

loop f low through the primary gasmgemys of the three aold plates i n  prral- 
1e1. Similarly, the aeoondary 8- oold-plate loop flows through the aeooaduy 
oold-plate psmgeways i n  parallel. This arrangarrent maintain8 ssprration of 
the two loops for safety reasons and balanoes the heat load equally batmen 
loop. 

The physioal arrangement is ahown i n  Figue 3.2.4-9. The two a f t  oold-plate 
loops run down either side of the Orbiter bay and diftaonneotb are provided to 
interface with Me bb i te r  loops. Jurpers are installed when the PEP is not 
used i n  the Orbiter. The pressure drop of these j-pers is camparable to the 

PEP thermal control loopa, thus  preventing flow balance change i n  the [kbiter 
system Jlen PEP is not being flown. 

PEP avionics cmponents located on the array deployement assembly are not con- 
ducive to l i q u i d  cooling. They are oooled by passive means with preferential 
mounting, thermal coatings, insulation, and electrioal heatera. Passive means 
are alao employed for thermal contro: of the power-distribution box located on 

the PRCA. 
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S e c t i o n  4 

INTERFACE DEFINITION 

4.1 PEP EXTERNAL INTERFACES 

The PEP, shown i n  F igu re  4-1, c o n t a i n s  a l l  t h e  f l i g h t  hardware which is 

i n s t a l l e d  and f lown on PEP m i s s i o n s  and c o r . s i s t s  o f  t h e  ADA, t h e  PSCA, and an 

i n t e r f a c e  k i t  to accommodate nons tacdard  i n t e r f a c e s .  PEP f l i g h t  hardware 

i n t e r f a c e s  e x t e r n a l l y  wi th  t h e  Orbiter, t h e  RHS, and t h e  f l i g h t  crew f o r  aper-  

a t i o n  and moni tor ing .  PEP i n t e r n a l  i n t e r f a c e s  heve been de f ined  between t h e  

major hardware e l emen t s  w i t h i n  t h e  ADA to  f a c i l i t a t e  procurement o f  t h e s e  

i n d i v i d u a i  e lements .  

The PEP hardware ,  as d e s c r i b e d  above,  i n t e r f a c e s  d i r e c t l y  wi th  the O r b i t e r  and 

wi th  t h e  RMS. Where s t a n d a r d  p r o v i s i o n s  do  n o t  app ly ,  t h e  O r b i t e r  and RMS w i l l  

accommodate PEP i n t e r f a c e s  by means o f  hardware m o d i f i c a t i o n s .  These 
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modi f ica t ions  a r e  referrad to a s  s o a r ,  s i n c e  t h e y  w i l l  g e n e r a l l y  be flown on 

non-PEP a s  well a s  PEP missions.  

The i n t e r f a c e  between t h e  Orb i te r  and t h e  RMS is alao a cons idera t ion  - f o r  PEP 

mission8 fbr t h e  following reasons:  
The ANS r e p r e s e n t s  t h e  means o f  oaammioat ion between t h e  deployable  

(ADA) and f ixed (PRCA) assemblies  o f  t h e  PEP. 'Ihis oaaamunic~tion is f u r t h e r  

routed v ia  t h e  Orb i te r  to u t i l i z e  s tandard provis ions .  (For example, i n  t h e  

event  t h e  RMS must be j e t t i s o n e d  f o r  safe Orbiter r e t u r n ,  wiring is severed by 

t h e  Orb i te r  g u i l l o t i n e . )  

The RMS is operated frca t h e  4FD crew s t a t i o n  f o r  l i f t i n g ,  maneuvering, 
holding,  and re tu rn ing  t h e  PEP ADA. A s c h m a t i c  r e p r e s e n t a t i o n  o f  AnS c o n t r o l  

and monitoring is shown i n  Figure  4-2. 

LEGEND - 
MCtu - 
GPC - 
Rnc - 
Tnc - 
CRT - 
KYBD - 

HAND CONTROL END EFFECTOR 
COMMANDED RATES ARE 
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OF FREEDOM JOINT RATES 

KIT 

I 

GENERAL PURPOSE COMPUTER 
ROTATlONAL HAND COW1 ROLLER 
TRANSUTlONAL HAND CONTROLLER R E l E h i t d  
CATHODE RAY TUBE DEVICES 
KEYBOARD 

Figum 42. RMI Comd end Monitorha 

In add i t ion  to crew opera t ion  of t h e  RMS v i a  t h e  O r b i t e r ,  crew opera t ion  and 
monitor!ng of t h e  PEP u t i l i z e s  d i s p l a y  and c o n t r o l  p rov t s ions  a t  t h e  AFD crew 

s t a t i o n .  Included among t h e s e  p rov i s ions  is viewing through windows and v i a  

CCTV monitors.  



I n t e r f a c e s  o f  t h e  Orb i te r  with t h e  tunnel  and with t h e  Spacelab were a l s o  con- 

s ide red  because o f  envelope cons idera t ions  and ' because t h e s e  elements s h a r e  

t h e  use o f  & b i t e r  br idge f i t t i n g s  with t h e  PEP ADA. In  t h e  case o f  t h e  tun- 
n e l ,  t h e  e x i s t i n g  t tmnel b r idge  f i t t i n g s  w i l l  n o t  accommodate t h e  PEP AM and 

t h e r e f o r e  a r e  replaced with Orb i te r  s tandard b r idge  f i t t i n g s  a v a i l a b l e  f o r  

payload app l ica t ion .  

During opera t ion ,  t h e  PEP u s e s  t h e  RHS and its SPEE wiring. If another  payload 

on t h e  same mission r e q u i r e s  use o f  t h e  RHS, t h e  PEP ADA w i l l  be restowed 

temporar i ly  i n  t h e  Orb i te r  ca rgo  bay to kee  t h e  RHS f o r  o t h e r  usage. If t h i s  

payload also r e q u i r e s  use o f  t h e  RHS SPEE wir ing,  a means o f  swi tching (or  

shar ing)  is provided wi thin  t h e  Orbiter. Such provis ion,  whi le  n o t  c v r e n t l y  

s tandard,  is also required to support  two o r  ,?mr e such payloads on a non-PEP 

f l i g h t .  

F i g v e  4-3 r e p r e s e n t s  an expansion o f  PEP system i n t e r f a c e s  o f  Figure  4-1. 

Here, t h e  blocks  labeled PEP, RHS, and Orb i te r  a r e  subdivided i n t o  t h e i r  

respective elements t h a t  a f f e c t  i n f e r f c c e  d e f i n i t i o n .  The subd iv i s ion  wi th in  

the  RMS and t h e  Orb i te r  should be considered f o r  re fe rence  only;  t h e y  are 

i d e n t i f i e d  he re  on ly  to f a c i l i t a t e  mders tand ing  o f  t h e  r e s u l t i n g  i n t e r f a c e s .  

The following paragraphs w i l l  employ F i g u e  4-3 t o  summz-ize t h e  following PEP 

i n t e r  f a c e s  : 

PEP t o  Orb i te r  I n t e r f a c e s  - Paragraph 4.1.1 

Orb i te r  to RHS I n t e r f a c e s  - Paragraph 4.1.2 

PEP t o  PAS I n t e r f a c e s  - Paragraph 4.1.3 

The in te t  f ace  des igna t ions  i n  parentheses  a r e  per I n t e r f a c e  Def in i t ion  Docu- 

ment ( I D D )  , Power Extension Package, SOD 79-01 17, which should be consulted 

f o r  more d e t a i l e d  d e f i n i t i o n .  

4.1.1 PEP t o  O r b i t e r  I n t e r f a c e s  

Figure  4-3 i d e n t i f i e s  physical  i n t e r  face: between PEP hardware elements and 

t h e  Orbi ter .  The nuuber p r e ~ i x e s  to t h e  i n t e r f a c e  d e s c r i p t i o n s  below corre-  

spond to Figure 4-3 i d e n t i f i e r s .  From l e f t  to r i g h t ,  t h e s e  i n t e r f a c e s  a re :  

1. Mornting i n t e r f a c e s  (S3, S2) betweeri PEP ADA support  hardware and 

Orb i te r  standard br idge f i t t i n g s  (Figure  4-11). The PEP s i d e  o f  t h e  i n t e r f a c e  

includes  t h r e e  r e t e n t i o n  l a t c h e s  (two s t a r b o a r d ,  on0 por t ;  S3) and a l a t e r a l  
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load r e a c t i o n  f i t t i n g  ( s t a r b o a r d ;  S2). The Orbiter s i d e  o f  t h e  i n t e r f a c e  

i n c l u d e s  t h r e e  b r i d g e  f i t t i n g s  ( two s t a r b o a r d ,  o n e  port) . The p o r t  b r i d g e  

f i t t i n g  and t h e  forward s t a r b o a r d  b r i d g e  f i t t i n g  are sha red  b y  t h e  PEP ADA and 

t h e  tunne l .  The a f t  s t a r b o a r d  b r i d g e  f i t t i n g  is sha red  by t h e  PEP ADA and t h e  

Spacelab .  No k e e l  i n t e r f a c e  e x i s t s .  R e l a t i v e  d e f l e c t i o n  is accommodated by t h e  

PEP s ide  o f  t h e  i n t e r f a c e .  

2. E l e c t r i c a l  connector  i n t e r f a c e s  (P8,  Dl01 a t  each  of above t h r e e  PEP 

r e t e n t i o n  l a t c h e s  f o r  power ( P a )  and command (D10). The Orbiter s i d e  connector  

h a l v e s  are s t a n d a r d  payload p r o v i s i o n s .  The crew i n i t i a t e s  l a t c h  open and 

c l o s e  f u n c t i o n s  a t  t h e  AFD d u r i n g  ADA deployment and res towage o p e r a t i o n s .  

3. E l e c t r i c a l  connector  i n t e r f a c e  (D6) between PEP d a t a  b u s  c a b l e  and 

O r b i t e r  d a t a  bus. Th i s  i n t e r f a c e  p rov ides  t h e  l i n k  between PEP and O r b i t e r  

CPC, d i s p l a y  p rocesso r ,  CRT and keyboard for crew o p e r a t i o n  and moni tor ing  of 

PEP. 

4. Cable s u p p o r t  i n t e r f a c e  (S10) between PEr d a t a  bus  c a b l e  and O r b i t e r  

clamps provided i n  payload bay. 

5. Mounting i n t e r f a c e s  (S4) between PEP PRCA s u p p o r t  hardware and O r b i t e r  

c a r g c  bay longerons .  b e  PEP s i d e  of t h e  i n t e r f a c e  i n c l u d e s  two custom b r i d g e  



f i t t i n g s  (one s t a r b o a r d ,  one por t )  . The Orbi te r  s i d e  o f  t h e  i n t e r f a c e  inc ludes  

b o l t  h o l e s  and bonded s p a c e r s  (to s tand o f f  b r idge  f i t t i n g s  from s i d e  wa l l s ) .  
. : 
. . No kee l  i n t e r f a c e  e x i s t s .  Re la t ive  d e f l e c t i o n  is accommodated by PEP s i d e  o f  

* .  I 
i n t e r  face. 

6. P lmbing  support  i n t e r f a c e  (S6) between PEP PRCA f l e x i b l e  :&lant 

l i n e s  and Orb i te r  clamps provided i n  payload bay. 

7. E l e c t r i c a l  harness  support  i n t e r f a c e s  (S8, S14, S l 6 )  between PEP elec- 

t r i c a l  harnesses  and O r b i t e r  c l a n p s  provided i n  payload bay. 

8. Self -seal ing Freon 2 1 disconnect  i n t e r  faces (F2) bezween PEP PRCA 

thermal c o n t r o l  susbsystem and two coolank i n t e r  f a c e  pane l s  provided by 

O r b i t e r  i n  ca rgo  bay (one s t a r b o a r d ,  F i g v e  4-5; one p o r t ,  F i g u e  4-61. The 

PEP s i d e  o f  t h e  i n t e r f a c e  c o n s i s t s  o f  four  d i sconnec t  ha lves  on f l e x i b l e  

coo lan t  l i n e s  t h a t  extend hom t h e  PRCA. me O r b i t e r  side o f  t h e  i n t e r f a c e  

c o n s i s t s  o f  four  f i x e d ,  corresponding d i sconnec t  halves.  l k o  d i sconnec t s  (one 

supply,  one r e t u r n )  a r e  loca ted  a t  each panel. For non-PEP miss ions ,  tm, j m p  

ers are s u b s t i t u t e d  f o r  t h e  PEP l i n e s  to provide flow c o n t i n u i t y  i n  Orb i te r  

coo1ar.t loops.  These junpers  are n o t  flown on PEP missiocs. . .. . 
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PANEL 

9. E l ec t r i ca l  connector i n t e r f a c e s  (P4, D2, D4, D7) between PEP e l e c t r i -  

c a l  harnesses and two e l e c t r i c a l  i n t e r f a c e  panels  provided by t n e  & b i t e r  i n  

cargo bay (one s tarboard,  one port) .  

The s tarboard panel (Figure 4-5) includes t h e  following connectors: 

a .  Regulated power (and re turns)  f t a n  PEP t o  & b i t e r  power buses B 

and C (P4). 

b. Voltage sensing (and re turns)  by PEP o f  & b i t e r  power buses B and 

C (D2). 

c. Activation s igna l  to enable  PEP PRCA t o  draw c v r e n t  through 

in t e r f ace  9a  above for  i n i t i a l  a c t i va t ion  (D4). The crew i n i t i a t e s  t h i s  s i gna l  

by a switch provided a t  t h e  AFD. 

d. Deta/command s i g n a l s  t h a t  l i n k  PEP PRCA with PEP ADA (D7). These 

s i g n a l s  a r e  routed v ia  & b i t e r  and RIlS i n  order to u t i l i z e  ex i s t i ng  provisions 

and t o  enable shar iag of  SPEE wiring with another payload. 

The port  pane\ (Figure 4-61 includes t h e  following connectors: 

a. Regulated power supply (and r e tu rns )  &om PEP to  Orbiter power 

bus A (P4). 

b. Voltage sensing (and r e tu rns )  by PEP o f  Orbiter power bus  A (D2). 



4.1.2 O r b i t e r  t o  RIS I n t e r f a c e s  

F i g v e  4-3 i d e n t i f i e s  physical  i n t e r f a c e s  betueen t h e  Orb i te r  and t h e  MS.  

While t h e s e  physical  i n t e r f a c e s  do no t  a f f e o t  PEP per se, some o f  t h e  c o r r e  

sponding f u n c t i o n s  apply. From left  to r i g h t ,  t h e s e  i n t e r f a c e s  a re :  

10. E l e c t r i c a l  connector i n t e r f a c e  (Dl21 a t  RnS shoulder.  Th i s  is a 

s tandard p rov i s ion ,  u t i l i z e d  i n  t h i s  c a s e  to t ransar i t  t h e  data/caomand s i g n a l s  

i d e n t i f i e d  i n  9d (Paragraph 4.1.1) f rom t h e  Orb i te r  to t h e  RHS. 

' 1. E l e c t r i c a l  connector i n t e r f a c e  (D12) a t  RnS shoulder.  Th i s  is a 

s tandard  provis ion u t i l i z e d  i n  t h i s  c a s e  to  t ransmi t  an a c t i v a t i o n  s i g n a l  to 

,he RHS r e l a y s ,  t h a t  enab les  PEP ADA t o  draw c u r r e n t  v i a  t h e  i n t e r f a c e s  

i d e n t i f i e d  i n  12 and i n  16 (Paragraph 4.1.3) below. The crew i n i t i a t e s  t h i s  

s i g n a l  by t h e  same AFD swi tch  i d e n t i f i e d  i n  9 c  (Paragraph 4.1.1). 

12. E l e c t r i c a l  connector i n t e r f a c e  (P7) a t  M S  shoulder.  Th i s  is a 

s tandard  provis ion t h a t  s u p p l i e s  p o w r  f o r  normal #HS func t ions .  I n  t h i s  c a s e ,  

power is a l s o  suppl ied to t h e  #HS r e l a y s ,  i d e n t i f i e d  i n  11 above. 

13. E l e c t r i c a l  connector i n t e r f a c e  (D9) a t  IWS shoulder .  This  is a 

s tandard provis ion t h a t  t r a n s m i t s  data/caumand s i g n a l s  f o r  normal RMS func- 

t i o n s .  There is no PEP i n t e r f a c e .  

14. Mounting i n t e r f a c e  (S12) between M S  and (irbiter .  This  is a s tandard 

p rov i s icn .  There is no PEP i n t e r f a c e .  

4.1.3 PEP t o  RMS I n t e r f a c e s  

F i g v e  4-3 i d e n t i f i e s  physical  i n t e r f a c e s  between PEP hardware elements and 

t h e  RHS. These i n t e r f a c e s  a re :  

15. Hechanical mate/demate i n t e r f a c e  (S131 between t h e  RMS SPEE and t h e  

PEP ADA s t r u c t u r e .  The PEP s i d e  o f  t h e  i n t e r f a c e  ~ t i l i z e s  a s tandard g rapp le  

f i x t u r e  (Figure  4-71 t h a t  is designed to mate with t h e  RMS SPEE. The mate/ 

demate opera t ion  is con t ro l l ed  ard monitored by t h e  crew from t h e  AFD (Figure  

4-21. 

16. E l e c t r i c a l  connector i n t e r f a c e  (D8, P6) between t h e  RMS SPEE and t h e  

PEP ADA Avionics and Control  Subsystem. The PEP s i d e  o f  t h e  i n t e r f a c e  is a 

connector h a l f ,  i n t e g r a l  with t h e  g rapp le  f i x t u r e  i d e n t i f i e d  i n  Item 15 above. 

The e l e c t r i c a l  mating/demating occurs  au tomat ica l ly  a s  a r e s u l t  o f  t h e  mechan- 

i c a l  mating/demating. Through t h i s  connector a r e  t r ansmi t t ed  t h e  data/command 

s i g n a l s  (D8) i d e n t i f i e d  i n  9d (Paragraph 4.1.1) and 10 (Paragraph 4.1.21, 

toge ther  with e l e c t r i c a l  power (P6) v ia  t h e  RMS r e l a y s ) .  
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17. Cable support in te r face  (S15) between t h e  PEP WS power cab le  and t h e  

attachment provis ions on t h e  REIS. The PEP s i d e  of t h e  i n t e r f a c e  c o n s i s t s  of 

t i e  primary cab l e s  t h a t  t ransmit  unregulated power hom t he  PEP ADA to t h e  PEP 

PRCA. The RnS s i d e  of the  i n t e r f a c e  c o n s i s t s  o f  clamps and bracketry designed 

to support t h e  cab les  i n  such a manner a s  to permit WS j o i n t  movement. Hate/ 

demate provis5.ons a t  both ends of t h e  cab les  a r e  e f fec ted  within t h e  PEP s i d e  

of t he  i n t e r f ace .  

4.2 PEP INTERNAL INTERFACES 

Figure 4-8 is a funct ional  block diagram of t h e  PEP re fe rence  configuration. 

During t h e  study, ' th i s  diagram has been updated to reflect evolut ion o f  design 

and in t e r f ace  de f in i t i on .  The designated in te r faces :  PEP t o  Orbi te r ,  Orbi ter  

to RHS, and PEP t o  RMS a r e  a s  discussed i n  Section 4.1. 

The in t e r f aces  among the  hardware elements t h a t  comprise t h e  PEP re fe rence  

configurat ion a r e  a l so  shown i n  F igwe  4-8. In general ,  these PEP i n t e r n a l  
i n t e r f aces  a r e  control led within t h e  production drawing system, including pro- 

curement spec i f ica t ions .  





Of the procvement items, the solar array represents a key element i n  terms of 
interface definition. The following peragraphs treat  these f nter face8 for the 

PEP reference configwatton (Section 4.2.1) and for the solar array module 
variation of this configvation (Section 4.2.2). 

4.2.1 PEP Reference Configuration 
The hardware elements that comprise the PEP AM are il-1-ustrated i n  Mgve 4-9. 

Included among these elements are two wing box assemblies, two m a s t  
assemblies, and a single canister support assembly. The interfaces affecting 
these elements are designated i n  Figwe 4-8 and are tabulated below. 

S20 Wing box structural support 
P20 Wing box power output 

D20 Wing box instrmentation 

S23 Wing boxhast mechanical linkage ( array deployment) 
S25 Canister structural support (rotation, suspension, and lockout) 
S24 Canister latching (stowage) 

P21 Mast drive actuator power 

922 Mast assembly instrunentation and control 

i sox 
MBLY (2) 



D21 Latch assembly i n s t r m e n t a t i o n  and con t ro l  

S21 Pivot assembly s t r  uctur a1  support 

If more than one of  t h e  hardware elements a r e  procured horn t he  same supp l i e r ,  

then t h e  i n t e r f aces  between these  elements a r e  cont ro l led  within t h a t  suppl i- 

er t s drawing system (e.g ., In t e r  face  S23, wing b o x h a s t  mechanical l inkage 

would be t h e  i n t e rna l  r e spons ib i l i t y  of a suppl ie r  o f  both t h e  wing box assem- 

b ly  and t h e  mast assembly). I n t e r f aces  between suppl ier  hardware elements and 

other  elements a r e  control led by procurement spec i f i ca t i on .  

4.2.2 Solar  Array Module Variat ion 

A va r i a t i on  t o  t h e  PEP ADA reference configurat ion e x i s t s  t h a t  includes tuo  

so l a r  a r r ay  modules (Figure 4-10). Each module incorporates  t h e  hardware nec- 

essary  to perform the canbined funct ions of t h e  wing box assembly, mast assem- 

bly,  and can i s t e r  support assembly of  t he  reference configurat ion . Referring 

to Figure 4-4, and the  tabula t ion  of Section 4.2.1, In te r face  S21 then becomes 

an i n t e rna l  so l a r  a r r a y  module i n t e r f a c e  (i.e., mounting is d i r e c t l y  to  t h e  

wing box s t ruc tu re ) .  Thus, In te r face  S21 and i n t e r n a l  In t e r f aces  S23, S24, and 

S25 a r e  can t ro l led  within t h e  so l a r  a r r ay  module supp l i e r ' s  drawing system. 

The remaining ex te rna l  In t e r f aces  P20, S20, D20, D21, D22, and P21 ere 

control led by t h e  so l a r  a r r ay  module procurement spec i f ica t ion .  

DIODE ASSEMBLY IMBAL ASSEMBLY 
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Figure 4-10. PEP ADA - Sohr Amy Module Vwirtion SIGNAL PROCESSOR 


